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PREFACE 


This book is primarily a condensed English version of a French text entitled, 
La conserve appertisie: aspects scientifiques , techniques et iconomiques , edited 
by Jean Larousse and published by Technique et Documentation - Lavoisier, 
Paris, in 1991. The objectives in the condensation were to preserve the 
essential scientific and technological aspects, avoid duplication, and produce 
a book at an affordable cost to the prospective reader. The chapters in the 
original text that deal with the economic aspects are omitted as they deal 
primarily with the situation in France, and, while they may be of academic 
interest, they do not reflect the situation in many of the countries in which 
the prospective reader of an English version resides. To further effect 
condensation, most chapters were combined in order to avoid duplication 
wherever possible. Not all the information in the original chapters will be 
found in the condensed version, as it was submitted to a subjective selection 
process. Apologies are due to the original authors for any omissions, for 
without their excellent work this book would not be possible. Additional 
information and text have been added, solely at the discretion of the editor 
and the many scientists and technologists who volunteered their time to 
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INTRODUCTION 


This book, like its French counterpart, essentially supplies the explanatory 
text for the Codex Alimentarius Recommended International Code of 
Hygienic Practice for Low-Acid and Acidified Low-Acid Canned Foods 
[CAC/RCF 23-1979, Rev. 1 (1989)] and generally follows its organization 
and format. This code follows the Hazard Analysis and Critical Control 
Point (HACCP) system originated by the Pillsbury Company in 1973 as a 
result of work in conjunction with the exploitation of space. The HACCP 
concept was used in the formulation of the good manufacturing practices 
regulations for low acid and acidified low acid canned foods in the United 
States around the same time. These regulations formed the basis for the 
Codex code of hygienic practice and was modified in order to be 
internationally applicable. The code as well as the regulations emphasize 
that the safety and stability of canned foods can only be assured by the 
identification of the appropriate hazards at each stage in the process, from 
raw products and materials to the storage, transportation, and distribution 
of the final product and their control at critical points in the entire process. 
This emphasis is retained in this book. 

While the outstanding attributes of canned foods have been extolled by 
many, they can be summarized as: 

• they contain little or no additives or preservatives, 

• they retain most of the nutritive value of the original raw products and 
compare very favorably with the same raw products prepared and 
cooked in the home, 

• they are essentially ready-to-eat, in that they have been cooked during 
the thermal process and only require reheating to meet consumer 
preference, in essence the ideal convenience food, 

• the thermal processing in combination with the packaging gives canned 
foods an almost unlimited shelf-life with respect to safety and years with 
respect to organoleptic quality, which declines very slowly with time, 

• they are shelf stable in that they do not require lowered refrigeration 
temperatures for their preservation, 

• due to the nature of the containers used and the manner in which they 
are sealed, they are almost completely exempt from attack by the 
multitude of pests infesting foods throughout the world. 

Despite these outstanding attributes, the number of canneries and hence 
the production of canned foods in most of the more economically favored 
nations are declining. The primary reason given for this decline is 
competition: competition with products canned in countries having 
considerably lower labor and raw product costs, extended growing and 
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harvesting periods, and a desire to obtain hard currency; competition with 
fresh products, especially fruit and vegetables, which are now available 
almost all year around due to the advances in breeding, storage, and 
transportation; competition with frozen products, which are seen by the 
consumer to be of superior quality, combined with a low cost of electrical 
energy that could support the additional costs of freezing and maintaining 
the frozen product up to consumption, as well as the additional energy costs 
for reconstitution. 

Despite the attributes of canned foods, they have been regarded as a 
lower class of food products by the consumer. This is especially apparent in 
the more economically advantaged countries. Canners and their trade and 
professional associations in the various countries are endeavoring to change 
this consumer attitude. The most successful and overall organized can be 
found in France, where canning originated. The rejuvenation of canning and 
changing of consumer attitudes to the products is centered around the 
activities of Union syndicale interprofessionnelle pour la promotion des 
industries de la conserve appertis^e, or Federated Interprofessional Union 
for the Promotion of Appertized (Canned) Food Industries (UPPIA). The 
objectives of thus organization are to champion the overall interests of the 
canners and their allied trades, the study and realization of those measures 
that will enhance both the development of the quality and productivity of 
canned foods, and the centralization of information that favors their 
consumption. It has actively prepared and distributed information 
concerning the nutritive and organoleptic qualities, the safety, and 
convenience of canned foods to all levels of the consuming public with 
particular attention to the young through schools as well as the medical and 
scientific communities. One initiative is to change the name from canned 
foods to appertized foods (les appertisees) and canning to appertization. In 
addition to honoring its founder, Nicolas Appert, and following the lead of 
pasteurization (Pasteur), it serves notice that something new and attractive 
is forthcoming. In support of this initiative French canners and their allied 
trades singly and in concert have placed on the market a wide array of 
product employing new and attractive packaging, greater convenience (e.g., 
easy opening features, microwave compatible, single serving, etc.) and 
prepared entrees that can support a greater profit margin than is realized for 
the conventional fruit/vegetable/meat/fish canned foods. It is hoped that 
other nations will follow France’s lead. Meanwhile canning is a growth 
industry in many developing nations in the world. 

Research and development in the science and technology of canned 
foods is ongoing. The benefits of continuous thermal processing of foods 
that contain particulate matter is just starting to be realized by some of the 
more adventurous canners, as is the application of other methods for 
heating, such as ohmic and microwave. The present state of the art for the 
aseptic packaging of foods is such that the stability and safety of such foods 
compares favorably with those of conventionally canned foods. 



Part I. 

RAW MATERIALS 


To ensure continuous production of canned products that have a quality that 
yields maximum consumer acceptance, safety, and shelf life, a knowledge of 
the various composition and organoleptic changes that the raw materials can 
undergo, especially postmortem and postharvest, is a primary requirement 
to successful canning. In this regard, the various progressive changes 
inherent to the raw materials and the effect of extrinsic factors, such as 
temperature, relative humidity, and microorganisms, will be reviewed. 

The range of raw materials and other ingredients that are available to 
the canner is immense and varied, and is only limited by the resourcefulness 
and imagination of the canner and the acceptability of the products by the 
consumer. A full treatment of all the characteristics would be immense. 
Therefore, this will be limited to a review of the physiological and 
biochemical aspects of postharvest and postmortem processes of the major 
raw materials, meat, fish, fruit, and vegetables. The primary aim of the 
canning process is preservation, and in this to prevent growth and spoilage 
of the canned food by microorganisms as well as the inherent endogenous 
biochemical systems of the raw products. Thus the microbiology of these 
raw products is of intense concern to the canner, particularly the ability of 
the thermal process to reduce the microbial contamination to a level at 
which the package will be microbiologically stable (i.e., commercial sterility). 
The microbiology of these raw materials and the manner in which the 
various microorganisms react to applied heat will also be reviewed. 
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MEAT AND FISH 


1.1 INTRODUCTION 

There is a profound physiological difference between a live animal and 
products derived postmortem. Aside from the various transformation 
operations (e.g., slaughter, cutting, grinding, etc.), postmortem animal organs 
or tissues for human consumption undergo characteristic and predictable 
changes. These can be divided into two broad groups, each at times 
impacting on the other. 

The intrinsic biochemical and enzymatic activity causes significant 
modifications to the organoleptic properties. Some, like tenderness and 
flavor that result from maturation or aging, are desirable. However, others, 
like excessive toughness, exudation, and undesirable texture and flavor, are 
not. There is also microbial growth that progresses from spoilage to 
putrefaction. The processor must be able to control the manner in which 
such raw materials are stored and processed to avoid or at least minimize 
the undesirable changes and optimize the desirable. 

Postmortem animal products are very heterogeneous (e.g., carcass, offal, 
meat, bone, fat, liver, etc.). Some (e.g., bones) are not considered to be 
edible. Lipolysis and oxidation of the fat are important factors in the 
development of flavor. Others, like offal, are a prime source of microbial 
contamination; hence, they are prone to microbial spoilage. The muscular 
portions are the site of specific biochemical phenomena, such as rigor 
mortis, glycogenolysis, and acidification, which are important in determining 
the final product quality (e.g., maturation, technological properties). 

Offal is generally considered to be edible; however, this can vary 
according to the species and usage. Based on their usage, they are 
designated as either red or white offal. Red offal, which includes the brain, 
tongue, lungs, heart, liver, spleen, thymus of young animals, and pork blood, 
is collected in the slaughterhouse without any particular preparation and sold 
to the consumer or processor. White offal is derived from the digestive tract 
and is only delivered to the consumer after some preparation, such as 
scalding or scraping. It is used to produce tripe, small intestine (casings), pig 
and sheep feet, and udders (teats). There are also parts, such as the hides 
and skins, horns, hair and hooves, tallow, blood of animals other than hogs, 
bovine and horse feet, bones, and tendons, that are generally considered to 
be inedible. These are generally reserved for some industrial use. 
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FOOD CANNING TECHNOLOGY 


Offals, as defined earlier, are fragile, and their commercial value is 
generally associated with their freshness. Therefore, strict attention should 
be paid to the application of appropriate hygienic practices during their 
collection followed by rapid chilling or other suitable preservative process 
(e.g., salting of hides and casings). Microorganisms are the prime agents 
that cause undesirable organoleptic alterations to these products. 

The carcass is what remains of the slaughtered animal body after 
bleeding, evisceration, removal of hide, hair, feathers, head, feet, and organs 
contained in the thoracic and abdominal cavities, with or without the kidneys 
and pelvic fat and sexual organs with the attendant muscles, the udders, and 
mammary fat. The presentation of the carcass following slaughter varies 
according to the species, the ultimate use, and regional custom. It is usually 
presented whole for calves and the small ruminants, while it is separated into 
two halves for beef, horse, and hog. 

The three principle tissue types that compose the carcass are osseous, 
adipose, and muscular. Osseous or bone tissue forms the different skeletal 
elements of the carcass. Adipose or fatty tissue is found as a covering 
between the skin and the underlying muscular masses, internally under the 
dorsal lumbar cavity, and in muscle forming the marbling between the 
muscle bundles and between groups of muscular fibers within the bundles. 
Skeletal or striated muscular tissue (e.g., meat or lean), gravimetrically and 
economically, is the most important element of the carcass. 

Unless preventative measures are taken, postmortem muscle progresses 
through rigor mortis, maturation, and, if unchecked, spoilage. At each stage 
muscle exhibits characteristic organoleptic physical and chemical properties. 
The various stages in the conversion of muscle to meat for processing will 
be discussed under the appropriate headings for each stage. The causes and 
results of spoilage will be explored in Chapter 7. 



Figure 1.1. Drawing of a muscle cross section. (From: The Science of Meat and 

Meat Products 2/E by Price and Schweigart. Copyright (c) 1971 by W.H. 
Freeman and Company. Used with permission.) 
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1.2 STRUCTURE AND COMPOSITION OF MUSCLE TISSUE 

Skeletal muscle tissue is composed of striated muscle libers, connective 
tissue, and the associated vascular and neural supply. It comprises about 
40% of the body weight and is the major source of meat. The structure of 
skeletal muscle of fish is the same as that for mammals, and no 
differentiation will be made in the following discussion. 

The fibers have a striated appearance under magnification, are about 50 
/Am in cross-sectional diameter, and are extremely long. They are arranged 
and held in place by a series of connective tissue components that act as 
wrapping and dividers (Fig. 1.1). An entire muscle is composed of a number 
of bundles of muscle fibers and is usually surrounded by a heavy connective 
tissue sheath that is termed the epimysium. Connective tissue elements 
appear to arise from the epimysium and course into the muscle. This level 
of organization of connective tissue is termed perimysium } and it divides the 
muscle into groups of fibers called bundles or fasciculi . Bundles may be 
grouped into different levels or organizations known as primary , secondary , 
and tertiary. Very delicate extensions of the connective tissue called the 
endomysium surround each individual fiber and should not be confused with 
the sarcolemma or actual muscle cell membrane. 

This framework provides support and organization and serves the 
purpose of conducting the vascular and neural supply to and from the 
muscle. The larger blood vessels and nerves lie within the perimysium 
between adjacent fasciculi, while the smaller branches are conveyed by the 
endomysium to the individual muscle fibres. 


Myofibril 


A Band 


I Band 


Collagen fibers 



arcolemma 


Actin 

Myosin 


Mitochondria 


‘.'-Jw^-Olycogen 


Nucleus 


Sarcoplasmic reticulum 


Figure 1.2. Drawing of the structure of a muscle fiber. (From: La Conserve 

appertisee: Aspects scientifques , techniques et economiques by Larousse. 
Copyright 1991 by Techniques et Documentation - Lavoisier, Paris. 
Used with permission.) 
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The size of fasciculi is reflected in the visual impression of texture 
perceived from the cut cross-sectional surface of meat. Muscles engaged in 
fine movement have small fasciculi and a fine texture, while those muscles 
that have great power but less precision have large fasciculi and coarse 
texture. 

1.2.1 Structure of the Muscle Fiber 

Skeletal striated muscle fibers are multinucleated, elongated, and more or 
less tubular. The ends may be conical or tapering. The fiber diameter 
ranges from 10 to 100 fjm and the length from 1 to 40 mm. In most cases 
the fiber probably does not run the entire length of the muscle. The main 
elements of the structure of a muscle fiber are shown in Figure 1.2. 

The muscle fiber is encased in the sarcolemma, a delicate membrane 
located immediately under the endomysium. The characteristic cross-striated 
appearance of the fiber is due to the presence of a series of thin 
cross-striated units known as myofibrils , which are embedded in the 
sarcoplasm, the cellular cytoplasm of the cell. The many nuclei are 
distributed peripherally and are a distinguishing characteristic of striated 
skeletal muscle. Mitochondria, the energy-producing organelles of the cell, 
are located between the myofibrils, at the nuclear poles, and immediately 
under the sarcolemma. The sarcoplasmic reticulum and transverse tubular 
systems are located in a regular arrangement in sequence with the band 
pattern of the myofibril and serve in the excitation-contraction coupling 
mechanism. Golgi complexes are located at the poles of the nuclei. 
Glycogen particles, lipid droplets, and possibly lysosomes are also present. 

Although of analogous constitution, all muscle fibers are not identical in 
their metabolism and contractability (Boccard and Valin, 1984). They differ 
with respect to the predominant pathway for the catabolism of glucose (i.e., 
aerobic or anaerobic) and are classified as red (R) fibers which are rich in 
mitochondria, myoglobin, and lipids, and white (W) fibers, which are rich in 
glycogen, but poor in mitochondria, myoglobin, and lipids. They also differ 
in the speed of their contraction, rapid (a) and slow (/3). Studies have 
shown that the red fibers possess both contractile characteristics (a and /?), 
whereas the white fibers have only the a. These characteristics are the basis 
of the heterogeneity of the muscles, which itself is a function of the species, 
age, and individual. 

Fish muscle also contains both red and white fibers, and the proportion 
of each in a muscle is the basis for their differentiation as red or white. The 
rigor contraction has been shown to be different for each muscle type. The 
proportion of these two muscles varies from one species to the next, 
although red muscle never exceeds 10% of the total for any one species. 
Red muscle has a higher proportion of red fibers and a rigor contraction 
considerably greater than that of white muscle, which corresponds closely to 
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mammalian muscle (Buttkus, 1963). The role of contraction, tension, and 
elasticity associated with the development of rigor mortis in postmortem fish 
muscles is still not completely understood. As white muscle is generally 
regarded as the nutritional flesh of fish, most of the studies have been 
confined to this tissue. The importance of red muscle in the postmortem 
changes of fish cannot be ignored, since there is as yet no process capable 
of separating the two in the fish processing industry. 


1 . 2 . 1.1 


Sarcoplas 


M 


The sarcoplasm is the cytoplasmic matter of the muscle fiber in which the 
nuclei, the myofibrils, the sarcoplasmic reticulum, mitochondria, lysosomes, 
some proteins, myoglobin, lipids, glycogen, various phosphorus compounds 
(ATP, ADP, PC), enzymes, and minerals are found. In addition to its 
involvement in a variety of cellular metabolic reactions, adenosine 
triphosphate (ATP) plays a particular role in the physiology of muscle. The 
glycogen metabolism supplies the energy necessary for the intracellular 
biochemical reactions. The various metabolic products (e.g., glucose, pyruvic 
acid, or lactic acid, according to the situation) modify the physicochemical 
postmortem equilibrium of the muscle cell (acidification). Calcium, an 
important mineral component, is an activator or cofactor that is essential for 
the initiation of a number of reactions. 


1.2.1.2 Sarcoplasmic Reticulum 

The sarcoplasmic reticulum, which closely encircles the myofibrils, is a 
network of small sacs and tubes (Fig. 1.2) that connect, via the T tubules, the 
contractile assembly to the plasma membrane. It assures the transfer of the 
variations in the electrochemical potentials of the membrane to the interior 
of the muscle cell and plays a prime role in muscle physiology (i.e., 
contraction of living muscle and changes in muscle after slaughter) by 
sequestering or liberating, depending upon the situation, calcium ions, which 
in turn activates a number of intracellular metabolic reactions. 


1.2.1.3 Myofibrils 

Myofibrils are the elongated intracellular contractile elements that measure 
about 1 /im in thickness and are directly responsible for the characteristic 
banded or striated pattern of skeletal muscle. This striation arises from the 
orderly alignment of the anisotropic and isotropic segments of the myofibrils 
and resembles the stacking of light and dark segments. This arrangement 
can be seen in the reproduction of an electron micrograph in the upper 
portion of Figure 1.3. The darker central segment is designated as the A 
band , and the lighter areas on either side as the I band. A narrow dark 
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LINE BAND M 


Figure 1.3. Striated muscle in longitudinal section. An electron micrograph (top) is 

shown, and the overlap of filaments that gives rise to its band pattern is 
illustrated schematically. (From: The Science of Meat and Meat Products 
2/E by Price and Schweigart. Copyright (c) 1971 by W.H. Freeman and 
Company. Used with permission.) 

zone, the Z line , bisects the I band and forms the boundaries of a sarcomere, 
or one contractile element. A light area in the center of the A band is 
known as the M band , and bisecting this band is a dark M line. 

The basic structure of the myofibril, which is responsible for its cross- 
striated appearance, has been shown to be due to its composition of 
overlapping arrays of thick and thin filaments, shown diagrammatically in 
Fig. 1.3. The density of the A band is greatest where the two sets of 
filaments overlap. The H, or lighter, zone in the center of the A band is the 
area where only thick filaments are present, and only thin filaments are 
found in the I band. The filaments are protein in nature and merit 
particular attention, as to their fundamental role in the function and 
physiology of muscle. 

1.2.2 Muscle Fiber Proteins 

In the muscle cell, proteins are responsible for muscle contraction and are 
important in the postmortem changes involved in the conversion of muscle 
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to meat. As these proteins play an important premortem and postmortem 
role as well as in reaction to various process treatments, it is necessary to 
understand their basic chemistry and how the characteristics of muscle and 
meat are dependent on them. The following discussion will be limited to 
those proteins most directly involved in the conversion of muscle to meat 
and the subsequent organoleptic and technological qualities of the meat. 

The muscle proteins can be classified into discrete groups according to 
their cellular localization and, in some cases, function. Those that make up 
the contractile apparatus are referred to as myofibrillar proteins. The 
sarcoplasmic proteins , excluding the myofibrillar, include all the metabolic 
enzymes found in the muscle cell, the pigment myoglobin, and the 
components of the muscle cell nucleus and the lysosomes and other 
structures. The connective tissue proteins are located outside the muscle fiber 
that forms the extracellular matrix, which gives support and rigidity to the 
muscle during life. The connective tissue proteins have a direct and profound 
effect on meat tenderness. 

1.2.2.1 The Myofibrillar Proteins 

The myofibrillar proteins are associated with specific structures within the 
sarcomere. The thick filament proteins are myosin and the proteins C, M, 
F, and I, and those of the fine filaments are actin, actinins, tropomyosin, and 
the tropinins C, I, and T. Other proteins designated as desmin, titin, and 
the Z protein are located in and around the Z line. 

Myosin represents 50-55% of the myofibrillar proteins and is the major 
component of the thick filaments. Vertebrate skeletal myosin consists of two 
large polypeptides called heavy chains, each with a molecular weight of 
about 200,000, and four small subunits called light chains in the molecular 
weight range of 16,000-30,000. The structure of myosin and associated 
proteins is represented in Figure 1.4. 

There are two types of light chains. One is referred to as an alkali light 
chain because it can be removed from the myosin molecule under alkaline 
conditions. The second c lass is called a DNTB light chain because it is 



Thick Chain Myosin 


Thin Chain Myosin 


Figure 1.4. Drawing of the microscopic structure of a myosin molecule. (From: La 
Conserve appertisee: Aspects scientifiques, techniques et economiques by Larousse. 
Copyright 1991 byTechnique et Documentation - Lavoisier, Paris. Used with 
permission.) 



10 


FOOD CANNING TECHNOLOGY 


removed from myosin by the sulfhydryl reagent, 5,5’-dithiobis 2-nitrobenzoic 
acid. Each myosin molecule is associated with one alkali light chain and one 
DTNB light chain. Each heavy chain is folded into an a-helical 
conformation for most of its length. At the NH 2 terminus a globular 
structure referred to as the myosin head is formed. The light chains are 
associated with the head portions of the molecule. Each thick filament in 
the muscle fiber contains approximately 400 myosin molecules. 

The myosin molecule possesses three important properties: 

• it is an enzyme with ATPase activity; 

• it has the ability to bind to actin, which also activates the myosin 

ATPase; 

• it can aggregate with itself to form filaments. 

Each thick filament is formed within the M band by the association of 
a large number of overlapping myosin molecules, the heads of which are 
disengaged laterally permitting liaison with the fine actin molecules and, 
depending upon the situation, the sliding of the filaments over each other 
during muscle contraction in living muscle or the formation of stable 
act in-myosin complexes in rigor mortis. 

There are also various regulatory proteins found in association with the 
thick filaments. M-Protein, molecular weight 165,000, is found at the M-line 
of the thick filaments, as is myomesin, molecular weight 185,000. Creatine 
kinase (molecular weight 43,000) is also localized at the M-line and appears 
to be bound to M-protein as a 1:1 complex. C-protein (molecular weight 
135,000) comprises 2% of the myofibrillar protein and copolymerizes with 
myosin filaments but does not appear to be bound to the myosin rod along 
the length of the thick filament with a specific periodicity and facilitates the 
myosin-actin interaction. F-protein, molecular weight 121,000, will bind to 
myosin filaments, but the binding can be inhibited by C-protein. 

I-protein, molecular weight 50,000, appears to be located at the A band 
except for the central region and in the absence of Ca 2+ , it inhibits 
actomyosin ATPase activity and may inhibit the unnecessary splitting of ATP 
in relaxed muscle. 

Actin is a globular protein made up of a single polypeptide chain that 
binds one molecule each of nucleotide (ATP or ADP) and divalent cation 
(Ca 2_r of Mg 2+ ) per mole of monomer. Its calculated molecular weight is 
42.000, which includes the bound C 2+ and ATP. It represents about 

15-20% of the myofibrillar proteins and is the major protein of the thin 
filaments. Globular actin (G-actin) polymerizes toform filaments (F-actin) 
that can interact with myosin filaments to produce mechanical energy for 
biological movements. F-actin has a double-stranded right-helical structure 
identical to the structure of native thin filaments in myofibrils. The 
polymerization of G-actin to F-actin (G-F transformation) occurs only above 
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Figure 1.5. Structural elements of collagen fibers. (From: La Conserve appertisee: 

Aspects scientifques , techniques et economiques by Larousse. Copyright 
1991 by Technique et Documentation - Lavoisier, Paris. Used with 
permission.) 

a critical concentration of actin at which F-actin is in equilibrium with G- 
actin. At actin concentrations above the critical concentration, a constant 
amount of G-actin always coexists with F-actin. The structure of F-actin and 
associated proteins is shown in Figure 1.5. 

Tropomyosin is an a-helical molecule approximately 41 nm long that 
consists of two subunit chains, a and /3, each of which has an approximate 
molecular weight of 33,000. The physiological basis of the functional 
properties of tropomyosin is its stoichiometric binding to actin (1:7) and its 
1:1 binding to tropinin. It represents 4-6% of the myofibrillar proteins and 
is associated with actin in the formation of the thin filaments. It is situated 
longitudinally in the valley formed by the double helix of actin (Fig. 1.5). Its 
exact position varies with respect to the concentration of Ca ions at the time 
and by the intermediation of the troponins (Ebashi, 1974; Gillis, 1975). In 
the absence of Ca ions, tropomyosin will be found at the upper margins of 
the valley, creating a stereographic obstacle to the bringing together of the 
actin molecules with the heads of myosin. In the presence of Ca ions the 
tropomyosin moves to the valley bottom, removing the obstacle to the 
formation of the actin-myosin complex. Thus tropomyosin plays an essential 
regulatory role in muscle physiology (contraction). 

Tropinin is a protein of 80,000 molecular weight that confers Ca 2+ 
sensitivity to the actomyosin ATPase and has been shown to have a high 
affinity for calcium ions above a threshold concentration of 10" 6 (Ebashi, 
1974). It consists of three separate subunits, C, I, and T, and is bound to 
tropomyosin in the thin filament. Tropinin C is an acidic protein with a 
molecular weight of 23,000 that can reversibly bind Ca 2 *. Tropinin I is a 
basic 23,000 molecular weight protein that inhibits the actin-myosin 
interaction in the presence of ATP; the presence of tropomyosin greatly 
enhances this inhibition. Tropinin T (molecular weight 38,000) is a 
tropomyosin-binding component that makes whole troponin locate with a 
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periodicity of 40 nm along the entire length of the thin filament in a 
myofibril (Ebashi, 1974). 

The actinins are proteins that play a role in regulating the physical state 
of actin. They are located in the Z-line area and are essentially connective 
in nature, thereby ensuring the transmission of the muscular tensions from 
one myofibril to another and the solidarity of the muscle fibers during 
contraction. Four classes are known to exist — a-actinin, /3-actinin, Y-actinin, 
and euactinin — each of which has a composition similar to actin. The 
major actinin found in skeletal muscle is a-actinin, an acidic protein of 
molecular weight 95,000. Its physiological role is now believed to be the 
cementing substance of the Z-line. /3-actinin, a minor component of 
myofibrils, is located at the free end of actin filaments in each sarcomere, 
presumably to prevent the binding of one actin filament to another and the 
formation of networks, y-actinin inhibits the polymerization of actin at the 
nucleation step. Euactinin appears to be located at the Z-line and interacts 
with both actin and a-actinin. 

Other muscle fiber proteins play a structural role in the architecture of 
the myofibril and the muscle cell. It is believed that they provide a 
mechanical continuity along the length of the myofibril that ultimately gives 
rise to its elasticity. The major filament proteins (or scaffold proteins , as they 
are sometimes called) are connectin (or titin), desmin (or skeletin), and Z- 
protein. Connectin or titin is a very large molecule that appears to form a 
three-dimensional (3D) net of very thin filaments —about 2nm in diameter— 
that link neighboring Z-lines. Desmin or skeletin (molecular weight 55,000) 
forms intermediate filaments. Z-protein (molecular weight 55,000) is only 
found in the Z-disc of muscle fibers, and no interaction between it and actin 
or any other proteins of the Z-disc has been reported to date. 

1.2.2.2 Myoglobin 

Myoglobin (molecular weight 18,000) is the protein pigment responsible for 
the red color of fresh meat and serves as a storage site and carrier of oxygen 
in living muscle. It consists of a single polypeptide chain of 153 amino acids 
folded about a prosthetic group called heme which contains one atom of 
iron capable of reversibly binding oxygen. In the ferrous state, the iron atom 
has four of its six coordination sites occupied by bonds with porphyrin; the 
fifth site is linked to the imidazole nitrogen of histidine of the protein part 
of the molecule. The sixth coordination position is the functional site for 
the molecule. The properties and color of the complex are determined by 
what is bound at this site. The oxidation state of the iron and the physical 
state of the protein are important factors. In myoglobin (and hemoglobin) 
the oxygen-containing forms of the molecule maintain the iron in a ferrous 
state. If the iron is oxidized to the ferric state, then the molecule is no 
longer capable of binding oxygen. 
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The various known complexes of myoglobin can be grouped according to 
the nature of the bonding at the activity position (i.e., ionic and covalent). 
Within each group, there are members in which the iron is in the ferrous 
(2 + ) or ferric (3 + ) state. Those ligands, which can easily donate an electron 
pair, form covalent complexes, while those with less of an ability to donate 
electrons form ionic complexes with the sixth coordination site of the iron 
atom. The covalent complexes are of greatest interest because the bright red 
pigments so desired in fresh and cured meats are members of this class. The 
covalent complexes of myoglobin containing oxygen, nitric oxide, and carbon 
monoxide are called oxymyoglobin , nitric oxide myoglobin (cured meat 
pigment), and carboxymyoglobin, respectively. Myoglobin may also form a 
purple pigment that can bind water (but not oxygen) called metmyoglobin . 
In the presence of oxygen, myoglobin is converted to both oxymyoglobin by 
the covalent binding of oxygen to iron and metmyoglobin as a result of the 
oxidation of iron from the ferrous to the ferric state. The relative 
proportion of these two forms depends on the partial pressure of oxygen 
pressures, with the formation of metmyoglobin being favored at low oxygen 
pressures. There are enzymes in muscle that are capable of reducing 
metmyoglobin to myoglobin. 

1.2.2.3 Enzymes 

For the most part the muscle enzymes are proteins. The proteases play a 
significant role in the postmortem conversion of muscle to meat and in the 
subsequent behavior of the meat during aging and processing. The major 
representatives are the alkaline proteases, the calcium-activated neutral 
proteases, and the acidic proteases. The nature and activities of these 
enzymes will be discussed later (see Section 1.4.3.3). 

1.2.2.4 Connective Tissue Proteins 

The connective tissue around the muscle fibers plays a major role in meat 
tenderness, which is attributed to its protein structure. It supports the 
muscles forming a veritable network of which only a fraction is visible to the 
naked eye. It enfolds the muscle (epimysium) and delimits the fiber bundles 
(perimysium) that determe the grain of the meat. The endomysium delimits 
the secondary fibers in the fiber bundles. The connective tissue is essentially 
composed of fibers of collagen, reticulin, and elastin proteins. Collagen 
fibers form the essential structural elements. 

Collagen fibers are very structured, and their organization is portrayed 
in Figure 1.6. Tropocollagen is the fundamental structural element that 
forms a small, rigid, bucketlike trough 300 nm long and 1.4 nm wide that is 
formed by the triple-helix coiling of three polypeptide (a) chains. Each is 
itself formed by a helical coiling of a sequence of about 1,050 amino 
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Figure 1.6 Structural elements of collagen fibers. (From: La Conserve appertisee: 

Aspects scientifques, techniques et economiques by Larousse. Copyright 
1991 by Techniques et Documentation - Lavoisier, Paris. Used with 
permission.) 

characterized by every third amino acid being glycine, a high proportion of 
proline and hydroxyproline, and a slightly lower frequency of lysine or other 
amino acids. It should be noted that muscle collagen lacks tryptophan and 
cystine. The particular architecture of the collagen fibers is maintained by 
numerous intra- and intermolecular linkages. It is this particular 
organization of collagen fibeers that gives connective tissue its resistance and 
a very specific role in the organoleptic and technological properties of meats 
(Rozier and Jove, 1984). It is interesting to note that while collagen 
possesses a great resistance to pulling force in raw meat, it can be converted 
to gelatin in boiling water. 

Reticulin closely resembles collagen, but it is associated with significant 
quantities of lipids that contain myristic acid. The reticular fibers are very 
thin, highly branched, and often intimately associated with the endomysium 
of the muscle fiber. Elastin contains elastic fibers that branch and 
anastomose freely. They can be stretched to about 150% of their original 
length prior to breaking and can return to their former length after being 
stretched. With some exceptions (e.g., bovine semitendinosous) elastic fibers 
are scarce in muscle. 
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1.3 RIGOR MORTIS AND ASSOCIATED ENZYMATIC 

REACTIONS 

Immediately after slaughter and carcass preparation and before the onset of 
rigor mortis, the muscle masses are soft, relaxed, compressible, and elastic. 
The muscle fibers have maintained their ability for contraction and 
relaxation, which can be seen by the fibrillar contractions following physical 
or thermal stimulation. The cut surface of a muscle in this state has a deep 
red color, and an elevated water retention capacity, and no spontaneous 
exudation (bleeding or weeping) is seen. Lighter colors are encountered 
with lamb, veal, pork, and especially poultry. While some fish have a pink 
fresh flesh color, others tend to be more white, especially when properly 
bled. If cooked or processed at this stage, the meat or flesh will be tender, 
dry, and with little flavor. The pH is around neutrality (6.5-7.2) depending 
upon the particular muscle. 

Rigor mortis occurs in muscles some hours after slaughter and fibril 
contractions have ceased. The muscles lose their elasticity, become hard, 
inextensible, and fixed into their prerigor form. The time required for the 
onset of rigor is variable and is affected by various factors, notably the 
temperature and the physiological state. For example, in rabbit it takes 
10-11 hours at 17°C compared to 4-5 hours at 38°C. When the rabbit is 
anesthetized and exhausted by insulin-induced convulsions prior to slaughter, 
the time for the onset of rigor mortis is reduced to under an hour at 17°C 
and is a good example of one of the effects of preslaughter stress. The 
fresh-cut muscle surface becomes paler, and the water retention capacity is 
reduced. The meat is hard, tough, and still has little flavor. The pH falls 
progressively to a characteristic value (between 5.6 and 5.8, depending upon 
the species and specific muscle). The rapidity of the acidification is a 
function of the temperature and the various metabolic processes. 

Rigor mortis generally takes place more rapidly in fish, starting around 

1-7 hours after death. However, like that in warm-blooded animals, many 
factors affect the time. The state of rigor makes filleting of fish difficult due 
to the stiffness and hardness of flesh. Therefore, such operations are either 
carried out following dissolution of rigor, or on trawlers immediately prior 
to its development. 

Only some of the larger fish species are bled, and the blood differs from 
that of warm-blooded animals in that it coagulates far more rapidly. The 
advent of the modem processing trawler with preparatory and freezing 
facilities on board has brought with it new problems, particularly the surface 
discoloration in fillets that were frozen before the onset of rigor mortis. In 
cod fillets this was shown to develop as a result of surface contamination by 
metmyoglobin of the blood and could be prevented by correct bleeding 
methods (Kelly and Little, 1966). 
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1.3.1 Consequences of the Stoppage of Blood Flow 


When the blood circulation is stopped, the vital brain centers are deprived 
of the necessary blood support, causing cardiac failure and death, and the 
postmortem changes in muscle commence. Regardless of the method 
employed, the slaughter is always accompanied by an acute shock. This 
induces a large and significant increase in the blood potassium (kalemia) and 
a hypersecretion of adrenaline that activates the breakdown of glycogen. 
When this is added to the biochemical liberation of calcium ions, the relative 
acceleration of postmortem muscular glycogenolysis and acidification in 
animals, particularly those susceptible to stress (PSE meats), is partially 
explained. 

The muscles are also denied a constant supply of oxygen and nutrients, 
nor can the metabolic end products be evacuated. This places the 
postmortem muscle in a state different from that found in living muscle, 
although the mechanisms involved are not fundamentally different. 
Anoxemia, the alteration in the membrane potentials and the subsequent 
increase in the intracellular concentration of calcium ions, plays a 
determinant role. 


Anoxemia (i.e., oxygen deprivation) is a direct consequence of the 
stoppage of blood circulation, and it places muscle into an anaerobic state. 
The oxyreduction potential passes from +150 mV in the living muscle to 200 
mV a few hours after death, thereby reducing the available metabolic 
pathways to those that can take place under anaerobic conditions (e.g., 
anaerobic glycogen oly sis). In the living cell there is a stable differential 
potential across a membrane of 90 mV. This difference and the resulting 
electric field plays an essential role in the cellular ionic equilibrium (the 
Donnan membrane equilibrium). Anoxemia strongly disrupts this 
equilibrium by diminishing or annulling the differential potential across the 
sarcolemma, which leads to the passive penetration of sodium ions to the 
interior of the muscle cells with a corresponding escape of potassium ions 
and an increase in the calcium ion concentration. 

The intracellular increase in calcium ions that results from the 
transmission of the depolarization to the sarcoplasmic reticulum, where the 
calcium ions are sequestered in the resting cell, is a determining factor in the 
subsequent muscle activity. Excess calcium is normally accumulated by 
intermediary electrostatic bonding with calsequestrin, a protein that has a 
large binding capacity. In the cell at rest, the intracytoplasmic concentration 
of free calcium ions is less than 10" 8 eq/L. When the change in the 
membrane potentials reaches the sarcoplasmic reticulum, it alters the 
electrical equilibrium and causes the liberation of calcium ions from their 
association with calsequestrin. In the postmortem muscle cell the 


intracytoplasmic concentration of free calcium ions increases by more than 
1,000 times (10 5 eq/L) in comparison with that of the living cell at rest. 
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This occurs in living muscle during muscular contraction, where the inversion 
of the polarization of the membranes is followed by the liberation of 
acetylcholine by nerve stimulation and the resequestering of the calcium ions 
in the relaxing muscle. However, it is evident that the liberation of calcium 
ions will not be resequestered in postmortem muscle. This large and 
irreversible increase in the calcium ion concentration is the real initiator of 
the biochemical reactions in postmortem muscle. It activates those 
biochemical mechanisms that bring on rigor mortis and muscle acidification. 

1.3.2 Onset of Rigor Mortis 

The increased intracellular calcium ion concentration has an immediate 
effect on a number of reactions that take place simultaneously and in which 
this calcium intervenes as either an activator or cofactor (e.g., the activation 
of myosin ATPase for the hydrolysis of ATP, or the initiation of the Lohman 
reaction for the resynthesis of ATP and glycogenolysis). The increased 
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Figure 1.7. Flow chart of reactions leading to rigor mortis. 1. Formation and 

dissociation of actin-myosin as long as the Lohmann reaction 
glycogenolysis regenerate ATP. 2. Exhaustion of phosphocreatine and 
cessation of glycogenolysis leads to stoppage of ATP regeneration and 
formation of stable actin-myosin complexes. (Adapted from: La Conserve 
appertisee: Aspects scientifiques, techniques et economiques by Larousse. 
Copyright 1991 by Technique et Documentation Lavoisier, Paris.) 
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calcium ion concentration also favors the drawing together and linkage of 
actin and myosin, the circumstances of which will be determined by the 
presence or absence of ATP. A flow chart of the reactions leading to rigor 
mortis in muscle is given in Figure 1.7. 


1.3.2.1 Activation of Myosin ATPase and Hydrolysis of ATP 

The liberated calcium ions activate the myosin ATPase located on the heads 
of the myosin molecules. The ATPase hydrolyzes the ATP to inorganic 
phosphate (Pi) and ADP and releases a considerable quantity of energy 
(about 7,500 cal) (Eq. 1.1). This energy is primarily used in the formation 
of the cross-links between actin and myosin. 

ATP 4 + R,0 ADP 3 = Pi 2 + H + (1.1) 

1.3.2.2 Lohmann Reaction and Resynthesis of ATP 

Simultaneously with the activation of myosin ATPase, the calcium ion 
activates the very efficient Lohmann reaction, which is one pathway for the 
resynthesis of ATP from ADP, mole for mole. In this reaction the 
phosphorus of phosphocreatine (PC) is transferred to the ADP to create the 
Al'P, and creatine is the end product: 

ADP 2 * + H + + PC 2 ' ATP 4 + Creatine (1.2) 

In the postmortem muscle the renewal of ATP is limited because the 
phosphocreatine cannot be regenerated from creatine in the muscle cell. In 
the living muscle fiber, the phosphocreatine is replenished by the blood as 
it is regenerated from the creatine elsewhere in the body. The initiation of 
the Lohmann reaction by calcium results in the inevitable diminishment of 
phosphocreatine and stoppage of the resynthesis of ATP by this route. In 
living muscle the reaction ceases as soon as the calcium is resequestered. 
ATP is also regenerated from ADP by the intervention of myokinase. 

2ADP 3 " ATP 4 + AMP 2 * (1.3) 

As can be seen, this reaction is less efficient in terms of ATP regeneration 
than the Lohman reaction (mole for mole conversion of ADP compared with 
a 2:1 ratio). The cessation of the Lohmann reaction due to the depletion of 
phosphocreatine that is not replenished combined with the depletion of ADP 
results in a continuous decrease in ATP concentration in the postmortem 
muscle fiber. 

Mammalian muscle is capable of maintaining its ATP level for as much 
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as several hours postmortem, while fish skeletal muscle generally exhibits a 
rapid decline in ATP concentration (Tomlinson and Geiger, 1962). 
However, when maintained in an unexercised condition prior to slaughter, 
some species of fish can retain a constant ATP level for periods comparable 
with that observed in warm-blooded animals. The relationship between the 
postmortem ATP and creatine phosphate (CP) levels observed for 
mammalian muscle appears to agree with that reported for fish skeletal 
muscle (Partmann, 1965). 

The postmortem decline of ATP appears to be the primary cause for the 
development of rigor in both animals and fish. Glycoge no lysis, which is also 
initiated by the liberation of calcium, will be discussed in more detail later. 
However, it should be noted at this point that the breakdown of glycogen 
leads to the liberation of ATP. In postmortem muscle, the glycogenolysis is 
anaerobic due to the depletion of oxygen and its not being replaced due to 
the stoppage of the blood circulation. Anaerobic glycolysis is not as efficient 
with respect to ATP production compared with that under aerobic 
conditions, hardly producing the amount of ATP and energy necessary for 
its continued resynthesis. It is also insufficient to block the Lohmann 
reaction after the utilization of the stock of phosphocreatine. Glycogenolysis 
ceases as the pH decreases due to the lactic acid formed and accumulated 
in the muscle. 

1.3.2.3 The Formation of Actin and Myosin Cross-Linkages 

As the intracellular calcium ion concentration increases, the blocking 
tropomyosin is displaced, permitting the actin and myosin to draw closer 
together as illustrated in Fig. 1.8. At calcium ion concentrations of 10' 6 eq/L 
the tropomyosin slereoisometrically blocks the actin-myosin interaction. At 
calcium ion levels above 10 6 eq/L the calcium is bound by the troponin 



Figure 1.8. Model showing the molecular movements of actin and myosin under the 

influence of calcium ions. (From: La Conserve appertisee: Aspects 
scientifiques , techniques et economiques by Larousse. Copyright 1991 by 
Technique et Documentation - Lavoisier, Paris. Used with permission.) 
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complex (troponin C), causing a very slight change in the conformation, 
probably in the order of a few nanometers. This results in a displacement 
of the tropomyosin toward the center of the valley of the thin filament and 
liberating the reaction sites of actin and myosin for their cross-linkage. The 
differences between the spectra observed on muscles at rest and in 
contraction by X-ray diffraction studies have shown that this theoretic model 
is a fairly accurate representation (Gillis, 1975). 

The drawing together of actin and myosin leads to the establishment of 
cross-links between them. The fate of these links in the postmortem muscle 
depends upon the regeneration of ATP. As long as the regeneration of ATP 
is possible, the assembly of biochemical reactions described earlier function 
without cessation, assisting in the establishment of the actin-myosin links, 
under the effect of the energy liberated by the lysis of the ATP followed by 
their immediate dissociation by the plasticizing action of the regenerated 
ATP. The association-dissociation cycle takes place very rapidly. In the 
postmortem muscle contraction per se does not take place, but, under 
certain conditions, a more or less marked shortening of the sarcomere can 
occur, which is detrimental to the subsequent meat tenderization process. 
The depletion of the CP leads to the cessation of the Lohmann reaction and 
cessation of ATP regeneration via this route. While the energy liberated by 
the lysis of the ATP is used for the establishment of actin-myosin linkages, 
the dissociation cannot take place due to the depletion of available AFP and 
its plasticising action. Thus the actin-myosin linkages formed become 
definitive and give the muscle the rigidity and loss of elasticity characteristic 
of rigor mortis. The term definitive is used in contrast to the transitory 
interactions established in the presence of ATP. These can be partially 
modified during maturation, which results in a tenderization. 

The establishment of these cross-bridges and the development of rigor 
mortis is progressive. The muscle commences to lose its elasticity when the 
level of ATP reaches about 80% of its initial level. It is definitely evident 
when the level of ATP is decreased to 20%. The development of rigor 
mortis in fish is similarly related to the loss of ATP. Jones and Murray 
(1961) reported the onset of rigor mortis for cod when the ATP level had 
dropped to 5% of the original level in the rested fish. A significant 
reduction in the time normally required for the development of rigor was 
reported when excessive struggling had occurred during the capture of the 
fish, which was correlated with an additional loss of creatine phosphate. The 
average levels recorded for the unexercised and exercised cod were found to 
be, respectively, 2.35 and 0.82 /zmoles/g of ATP in the muscle, which clearly 
demonstrates the effects of exercise in determining the ATP level at which 
rigor was established. 

The delay in the onset of rigor mortis is variable and is affected by 
numerous factors, such as species, age, nutrition, rearing method, and the 
individual. For a specific species, however, the physiological state, the 
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muscle type, and temperature play a significant role. The physiological state 
of the animal at the time of slaughter, particularly with respect to stress, can 
have a profound effect on the subsequent meat quality. It is generally 
recognized that the onset of rigor is more rapid in white muscles than it is 
in the red due to their lower ATPase activity. Temperature has a profound 
effect. Rigor mortis is established in warm-blooded animals in a few hours 
at 20°C compared with 24 hours or more at 3°C. In fish it occurs much 
earlier at lower temperatures (e.g., in cod, rested prior to slaughter, rigor 
was developed in 30 minutes at 25°C, and after 12 hours at 0°C (Fraser et 
al., 1961). 

1.3.3 Glycogenolysis and Acidification 

The liberation of calcium initiates glycogenolysis, which takes place parallel 
to and simultaneously with the onset of rigor mortis. The pathways are not 
different from those in the living muscle. It is initiated as a result of the 
cessation of the blood circulation and takes place entirely anaerobically. 
Lactic acid, a product of glycogenolysis, accumulates and acidifies the 
muscle. 

1.3.3.1 Glycogenolysis 

The postmortem release of calcium activates a phosphorylase specific for the 
breakdown of glycogen in a complex series of reactions. In the presence of 
phosphate, calcium activates phosphorylase kinase, which transforms the 
inactive (3 phosphorylase into the active a form. Adrenaline, released pre- 
mortem in response to the physiological shock (stress) that accompanies 
slaughter, activates an adenylcyclase, which is responsible for the formation 
of the cyclic AMP. This in conjunction with calcium increases the activity 
of phosphorylase kinase and ultimately the rapidity of muscle acidification. 
This is particularly evident in animals susceptible to stress and is the cause 
of the development of pale, soft, exudative (PSE) meats. 

The a-phosphorylase, in the presence of inorganic phosphate, 
progressively breaks glycogen down to glucose-1-phosphate. This is 
converted to glucose-6-phosphate by phosphoglucomutase, which is then 
broken down through many intermediate reactions to pyruvic acid, which can 
be metabolized via two pathways —aerobic or anaerobic— depending upon 
the oxidation-reduction potential of the muscle. 

Aerobically, pyruvic acid is transformed into an acyl radical that is then 
linked to coenzyme A (CoA) to form acetyl-CoA. It is then oxidized via a 
series of transformations corresponding to the Krebs cycle. Aerobic 
glycogenolysis produces 30 moles of ATP and the energy required for the 
work of the muscles. 

Anaerobically, pyruvic acid is converted to lactic acid by lactate 
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dehydrogenase in the presence of NADH (reduced nicotinamide adenine 
dinucleotide or coenzyme I). This is the predominant pathway in living 
muscle under very great or sustained effort and the associated depletion of 
the immediately available oxygen. In the living muscle, the lactic acid 
formed is subsequently removed by the blood and transformed in the liver 
to glucose. In the postmortem muscle due to the cessation of the blood 
circulation and the resulting depletion of available oxygen, anaerobic 
glycogenolysis is the only pathway and continues irreversibly to lactic acid. 
The muscle, which lacks its blood support, cannot employ the enzymes 
necessary for the dephosphorylation to glucose that would inhibit the 
glycogenolysis. Postmortem glycogenolysis and glycolysis, however, can be 
limited by two conditions. 

One condition is the result of the rapid utilization of abnormally low 
glycogen reserves, which can occur in animals that have undergone extreme 
muscular activity a short time before slaughter and had insufficient time for 
the reserves to be replaced. This also occurs in animals subjected to a 
marked stress before slaughter, leading to a hypersecretion of adrenaline and 
the subsequent rapid breakdown of glycogen. It should be noted that these 
take place in the living animal, leading only to the breakdown of the 
glycogen and not to the acidification of the muscle as the acid metabolites 
formed are removed by the blood. This can result in dark cutting meat 
(DFD) due to a low postmortem production of lactic acid. The other 
condition is the acidification of muscle due to the production and 
accumulation of lactic acid that inactivates the enzymes responsible for the 
glycogenolysis and leads to the stabilization of the pH at an ultimate value 
characteristic of each species and muscle mass. 

It was believed at one time that fish premortem glycogen levels were 
considerably lower than were those in normal mammalian muscle. However, 
it has been shown that the levels for many species of fish are the same as 
they are for warm-blooded animals. The discrepancies observed appear to 
result from the excessive struggling normally associated with the capture of 
fish, which produces a lower glycogen level compared with that in unstressed 
fish. The postmortem utilization of glycogen follows the same pathway in 
fish muscle as previously outlined for warm-blooded animals. 

1.3.3.2 Acidification 

The rate at which lactic acid is produced and the quantities accumulated in 
the muscle can vary. The quantity produced can be limited by the 
inactivation of the glycogenolysis enzymes as the pH decreases to the 
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Hours post-mortem 

Figure 1.9. Different types of postmortem changes in pH in the gracilis muscle of 

pork. (From: La Conserve appertisee: Aspects scientifiques, techniques et 
economiques by Larousse. Copyright 1991 by Technique et 
Documentation - Lavoisier, Paris. Used with permission.) 

ultimate characteristic values. The ultimate characteristic pH values for the 
great anconeus muscle in beef is normally 5.7; it is 5.8-5.9 in the 
dorsolumbar muscles. In pork it is 5.7 in the psoas muscles and 5.5 in 
thelong dorsals. The values are quite constant in the normal transition of 
muscle to meat and are characteristic for each species and given muscle. 
This attribute is very useful in the detection of the abnormal meat 
development. The ultimate pH value attained depends upon the quantity of 
lactic acid formed. Monin (1982) showed that, in pork, 40 //mol of lactic 
acid are necessary to lower the pH one unit in the rectus abdominis muscles 
and 59 for the longissimus dorsi muscles. pH values lower or higher than 
the characteristic values are indications of abnormal postmortem conditions 
and transition of muscle to meat (e.g., pHs above 6-6.2 that result in DFD 
meats). 

The rate of acidification can also vary. It is rapid when the temperature 
of the muscle is close to optimum for the corresponding enzymatic reactions 
(i.e., the body temperature of the living animal). It is completely retarded 
at low temperatures. The premortem hypersecretion of adrenaline in 
animals susceptible to stress also accelerates the fall in pH (PSE meats). 
These effects are shown graphically in Figure 1.9. 

The quantity of lactic acid produced in postmortem fish muscle also 
depends on the glycogen reserves present immediately prior to death. In 
general, most fish exhibit postmortem pH levels of around 62-6.6 even in 
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full rigor, which is higher than the normal warm-blooded animal levels. 
Flatfish with a final pH of 5.5 appears to be an exception. 

The struggling that normally accompanies fish capture significantly 
depletes the glycogen reserves. The pH rigor is consequently higher and 
closer to neutrality, which results in a condition called alkaline rigor. This 
develops in cod as well as in a number of other species (Fraser et al., 1961). 
The formation of lactic acid, generally thought to stop when rigor is 
established, is more complicated in fish. Lactic acid production did not 
maximize in rested cod at 25°C even several hours after the establishment 
of full rigor (Fraser et al., 1961). Similar results were reported for sockeye 
salmon and rainbow trout at 0°C; however, at room temperature these 
species exhibited maximum lactic acid production that coincided with full 
rigor. 

1.3.4 Consequences of Rigor, Glycogenolysis, and Acidification 

In the 24-36 hours following slaughter and before the onset of maturation, 
rigor mortis, glycogenolysis, and acidification produce specific changes to the 
characteristics of the meat. Some only appear upon the onset of rigor 
mortis (RM), while others are linked to both the onset of rigor mortis and 
glycogenolysis (RM-G). These changes are: 

• loss of extensibility (RM); 

• isometric tensions and the shortening of the muscle fibers (RM); 

• contraction of the fibrillar structure (RM-G); 

• lightening of the color (RM-G); 

• decrease in the water retention capability (RM-G); 

• loss of tenderness (RM-G). 

1.3.4.1 Loss of Extensibility 

Before the onset of rigor mortis, a muscle can easily be reversibly stretched 
up to 120% of the at rest length under by a force of 50 g/cm 2 . In the state 
of rigor mortis, the elongation attained under the same force is less than 1%. 
Increasing the force by 10 times will hardly increase the elongation, and 
higher force will cause rupture of the fibers. It should be noted that these 
results were obtained in muscle maintained at a temperature <10°C over a 
period not exceeding 36 hours postmortem. When maintained for longer 
periods, it is possible to obtain greater but irreversible elongations with a 
load of 50 g/cm 2 ; however, this is attributed to maturation. 

1.3.4.2 Isometric Tensions—Shortening of the Muscle Fibers 

Upon the onset of rigor mortis strong isometric tensions are developed 
inside the muscles. These are sufficient cause, within certain limits, for the 
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drawing together of the actin and myosin filaments and a moderate 
shortening of the muscle fibers. While hardly perceptible in muscle 
remaining attached to the bones, it can be quite evident in: 

• excised muscles; 

• muscles having a somewhat loose attachment to the bone (semi- 
tendinous muscles or semi-membraneous muscles in the normal 
suspension of the carcass); 

• the fiber fascia or partially immobilized muscles (longissimus dorsi). 

Shortening is minimal at 15-20°C and is essentially dependent on the 
temperature at the moment when the ATP level begins to decrease and the 
muscle enters into rigor mortis. The shortening can be very marked if the 
muscle temperature is below 10°C prior to the onset of rigor mortis. At 
around 2°C, the shortening of some muscle fibers in an isolated muscle can 
attain up to 45% of their length. This is called cold shortening and is 
detrimental to the tenderization of the muscle during maturation. Studies 
on techniques for the prevention or minimization of this phenomenon have 
centered around warm boning, electrical stimulation, and warm drying. It 
appears that the cold shortening phenomenon involves a phase change of the 
lipid membranes, increased liberation of calcium, and intensified ATPase 
activity. 


1.3.4.3 Contraction of the Myofibrillar Structure 

Contraction of the myofibrils is linked to the establishment of definitive 

actin-myosin cross-linkages, a characteristic state of rigor mortis. The 
processes involved have been described earlier. The modification of the 
electrical charge of the proteins under the effect of the acidification also 
plays a role. At the moment of slaughter (pH 7-7.2) the proteins carry an 
excess of negative charges, leading to forces of electrostatic repulsion 
sufficient that the proteins repel each other and form a loose network (open 
structure of Callow). After acidification, the pH of muscle is close to the 
isoelectric point of the proteins whose overall charge has diminished. The 
electrostatic repulsion forces are annulled, resulting in the contraction of the 
network (closed structure). The result is a lightening of the color and a 
decrease in the water retention capability. 

13.4.4 Color Intensity 

The specific color is determined by the wavelength of reflected light, while 
the intensity of the color (light or dark) depends upon the quantity of light 
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reflected with respect to that absorbed (e.g., strong reflection: lighter color; 
considerable absorption: darker color). Prior to rigor mortis, the fibril 
structure is relaxed and more open so that the incident light can penetrate 
to a depth where it is strongly absorbed and little light is reflected, giving the 
meat its characteristic dark red color. In the state of rigor mortis, the fibril 
structure is tightened (closed), which permits very little penetration of the 
light, with the consequence that more is reflected giving the appearance of 
a lighter muscle color. The partial denaturation of the myoglobin also has 
an effect. This is especially apparent when low pH values are attained at 
elevated temperatures that result in a decreased color intensity. This is seen 
in the PSE meats that are characterized by the rapid and marked fall in the 
pH associated with an abnormally pale color. 

1.3.4.5 Decreased Water Retention Capability 

Myofibrillar contraction reduces the space between the myofibrils, in which 
70% of the free water of the muscular cells is found dispersed, and increases 
water mobility. Water mobility is also increased by the disappearance of the 
ATP, which also binds a large quantity of water. This is important in such 
operations as curing, where the water mobility plays an essential role in the 
adsorption or the fixing of the salt. While in the state of rigor mortis, tissue 
fluids (water) are not exuded spontaneously, in spite of the increased water 
mobility. The physical displacement of the water is limited by the integrity 
of the histological structures of the muscle that are almost completely intact 
at this stage. In mature meat or during thawing of frozen meat where there 
has been a partial alteration of the histological structure of the muscle, the 
spontaneous exudation of a variable quantity of muscle fluids will occur (i.e., 
reduced water retention capacity). This is reinforced by the denaturation of 
the sarcoplasmic proteins at low pH values and elevated temperatures. The 
denatured proteins release a part of their bound water, which increases the 
quantity of free water. The protein denaturation also frees some active 
groups, permitting them to precipitate on the myofibrils, which furthers the 
diminution of the overall hydration of the cellular elements. 

The effect of pH on the water retention capacity of fish muscle has 
received little attention, because the pH is higher than for meat, where it 
rarely falls below 6.0, even in full rigor. However, considerable losses of 
water can occur in excised fish muscle similar to those reported for their 
mammalian counterpart. A rapid rise in expressible fluid was found in cod, 
which increased after storage in ice for a 168-hour period (Banks, 1955). 
Although the postmortem pH in fish muscle hardly ever falls below 6.0, 
certain species, including halibut and mackerel, have been found to exhibit 
a postrigor pH approaching that of meat. Tomlinson et al. (1965) reported 
a decrease of pH in halibut that resulted in protein insolubility on 
approaching the isoelectric zone, producing a pale, soft, exudative (PSE) 
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condition closely resembling a condition found in pork (Briskey, 1964). This 
condition in halibut is known as chalkiness and has been a particular 
problem in the fishing industry of the Pacific Northwest. However, this 
condition can be alleviated by keeping the fish alive following capture for a 
time sufficient to metabolize the accumulated lactic acid so that there will 
be the development of a normal postmortem pH. 

1.3.4.6 Decreased Tenderness 

Loss of tenderness is also a function of the degree of shortening of the 
muscle fibers. It is only slightly evident when the shortening does not exceed 
20% of the length of the sarcomere; however, it is very evident when the 
shortening attains 45%. Paradoxically, when the shortening exceeds 50%, 
the effect on the tenderness is less. However, the maturation, by its diverse 
enzymatic actions, will be able offset the inevitable loss of tenderness linked 
to rigor mortis. 

Fish sarcoplasmic proteins have a far greater thermolability and 
solubility than do their counterparts in meat, and they do not appear to be 
involved in fish texture (Connell, 1962). Comparatively little autolytic 
enzyme activity appears during the onset of rigor, although some small 
changes in amino acids were reported in sterile cod muscle (Schewan and 
Jones, 1957). Any deterioration that occurs during cold storage is generally 
attributed to bacterial activity as a result of contamination in the fish. 

1.3.5 Abnormal Conversion of Muscle to Meat 

The abnormal conversion of muscle to meat occurs when the preceding 
mechanisms have been disturbed, to various degrees, by essentially extrinsic 
factors on the meat before or after preparation (temperature) or on the 
living animal (e.g., prior stress, transport, or slaughter). As much has been 
written on this subject, this discussion will be limited to a description of the 
organoleptic and technological aspects most directly affected by the 
abnormal postmortem conversion of muscle to meat and an overall 
interpretation of the mechanisms brought into play. The three conditions 
that result from an abnormal conversion are: 

• very tough meat 

• PSE meat 

• DFD meat 

1.3.5.1 Very Tough Meat 

The contraction of the muscle fibers that occurs during rigor mortis produces 
an exaggerated firmness. This can only be partially corrected by the 
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enzymatic processes of maturation. The result is essentially organoleptic in 
that these meats are less tender than are normally evolved meats. 

The exaggerated toughness is generally, but not exclusively, the result of 
a condition called cold shortened meat , the causes of which were discussed 
earlier. This occurs in carcasses chilled rapidly right after slaughter, such as 
experienced in forced air cooling tunnels. In rapid chilling, the superficial 
muscular masses (e.g., posterior crural muscles or dorsolumbar muscles) are 
affected the most, as they are in a relaxed state due the manner in which the 
carcass is suspended and approach the critical temperature zone more 
quickly. While rapid chilling as soon as possible after slaughter is extolled 
by the hygienists to limit the consequences of superficial microbial 
contamination, any benefit can be offset by the effect of the meat 
tenderness. A similar effect is observed when immediate and rapid freezing 
is employed; however, the abnormal muscle rigidity will only be evident at 
the time of thawing, a condition referred to as thaw rigor. Electrical 
stimulation of the carcass is a process aimed at offsetting cold shortening or 
thaw rigor. 

1.3.5.2 PSE Meat 

PSE meat is abnormally pale, has an exaggerated flaccidity, and has a very 
low water retention capability that is characterized by excessive exudation. 
The exaggerated water mobility of these meats can be the cause of curing 
defects. Even when they take up the salt, the salt is not retained very well, 
with the result that the salted meat remains susceptible to microbial attack. 
They also exhibit excessive shrinkage (i.e., fluid loss) during cooking (i.e., 
cooked ham) and require the addition of specific additives (i.e., phosphates) 
to correct this fault. When submitted to a process of maturation-drying 
(e.g., dry sausages), they will exhibit defects linked to a too rapid drying (i.e., 
crusting). 

The condition is due to an abnormally low final pH (5.3-5.0) that causes 
excessive shrinkage of the fiber structure as well as protein denaturation, 
which adversely affects the texture, color, and water retention. The role of 
preslaughter stress or shock and the resulting hypersecretion of adrenaline 
in producing this condition have been discussed earlier. 

Various intrinsic factors inherent with a species (e.g., swine), the variety, 
or an individual (i.e., animals susceptible to stress) favor this phenomenon; 
hence, animal selection becomes an important requirement if this condition 
is to be avoided. The determinant factors, however, are extrinsic (i.e., 
preslaughter stress). Preventative measures are directed at decreasing 
preslaughter stress, a course of action that is almost impossible to realize 
when capturing fish. 
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1.3.5.3 Dark Cutting or DFD Meat 

Dark, firm, and dry (DFD) adequately describe the appearance and texture 
of this meat. As has been described earlier, this is due to a rapid onset of 
rigor mortis, sometimes soon after the slaughter, and the subsequent 
maturation is very limited or nonexistent. The dark red characteristic muscle 
color is retained (dark cutting meat). The rigor is exaggerated and long 
lasting; so the meat stays firm and tough. The water retention capacity is 
elevated, giving the meat a dry, sticky, and gummy appearance. 

Aside from their appearance, these meats present various technological 
problems. Their elevated pH makes them more prone to microbial attack 
than normal meats. The low amount of free water reduces salt uptake 
during curing, which results in curing defects; however, what is taken up is 
retained. 

The cause is linked to an excessive secretion of adrenaline resulting from 
muscle fatigue and/or stress occurring several hours before slaughter. As this 
occurred some time before slaughter and the muscle glycogen reserves are 
depleted, there is time for the lactic acid produced to be removed from the 
muscles by the blood prior to slaughter, but insufficient time to replace the 
glycogen reserves. Thus, with little or no glycogen, there is little acidification 
of the postmortem muscle. The activity of the enzymes responsible for 
maturation is limited or suppressed. Since both the causative extrinsic and 
intrinsic factors involved are known, various preventative actions in the 
handling of animals prior to and during slaughter can be undertaken. 

1.4 MATURATION 

Following rigor mortis the meat commences to mature or age. The time for 
the completion of maturation varies, depending essentially upon the 
temperature (2 days at 15°C; 10-15 days at 3°C). The muscles become soft, 
supple, and compressible; however, they remain inelastic and maintain the 
shape acquired during rigor mortis. The fresh cut surface has a bright red 
color and a small amount of a pinkish fluid can be seen to exude 
spontaneously. The meat becomes more tender, even superior to that before 
the onset of rigor mortis. It acquires a specific aroma and flavor, optimizing 
between the eighth and tenth day when the meat is maintained at 3°C, and 
diminishing thereafter. By this time, the meat should have acquired the 
tenderness and flavor desired by consumers. The progression through these 
states brings into play an assembly of biochemical mechanisms. 

The tenderization process involves changes to the mechanical properties 
of the muscle tissue essentially ascribable to modifications of the structural 
and contractile proteins at least two muscle proteolytic systems. The effect 
of this postmortem proteolysis, while it plays a major role in the elaboration 
of the textural properties, is limited, as apparently collagen is relatively 
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unaffected. Therefore, collagen becomes a major limiting factor in the 
tenderness of meat from adult animals. The process of maturation is 
characterized by its rapidity and intensity. While the quantity of collagen 
does not affect the rapidity of the tenderization, it does influence its 
intensity, as do other biological factors such as the maturity, race, and sex. 
The principal factors governing the rapidity of maturation are species, age, 
muscle type, and the storage temperature. 

Temperature markedly affects the enzymatic mechanisms and, hence, the 
rapidity of maturation. The enthalpy of activation for the tenderization 
phenomenon is very high, with a temperature coefficient (Q10) around 2.4 
for temperatures between 0 and 40°C. Beef and mutton mature at 
comparable rates, whereas pork matures in half the time, chicken in 
one-twentieth of the time for beef at the same temperature (Etherington, 
1980). This suggests that there are significant differences between species 
with respect to the postmortem enzyme activity and/or the susceptibility of 
the substrates for these enzymes. Finally, it has been observed in beef that 
the maturation rate varies by a factor of 1-5 between the muscles of the 
same animal that seem to be linked to variations in the metabolic and 
contractile types in the muscles. For example, it has been reported that the 
proteolytic complement varies with the type of muscle (Pennington, 1977). 
The eventual color and flavor of meat are also dependent upon various 
enzymatic mechanisms, such as the hydrolysis of the nucleotides, the sugars, 
and the lipids, as well as the regulation of the oxyreduction state of the 
myoglobin, which regulates the color intensity. 

1.4.1 Catabolism of Glycogen, the Nucleotides, and Coenzymes 

The hydrolysis of glycogen by amylase, amylo-l,6-glucosidase to glucose, a 
relatively minor postmortem activity compared to glycogenolysis, continues 
long after the cessation of glycogen oly sis and persists as long as the glycogen 
is available. There is a postmortem equilibrium in the breakdown of 
glycogen in which the sum of the residual glycogen, reducing sugars, and 
lactic acid remains constant and in approximately stoichiometric amounts 
(Bodwell et al., 1965). 

The ADP resulting from the hydrolysis of ATP is hydrolyzed further by 
myokinase to AMP, which is deaminated to inosinic acid (IMP), believed 
due to a very active ADP 5’-deaminase in muscle (Terasaki et al., 1965). 
However, it appears that the ADP bound to the myofibril structure does not 
undergo dephosphorylation during maturation (Valin and Charpentier, 
1969). The IMP is subsequently dephosphorylized to inosine, which is 
progressively broken down to hypoxanthine and free ribose. According to 
Howard et al. (1960), the accumulation of hypoxanthine is a good index of 
the state of meat maturation. The nucleotide catabolism is accompanied by 
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a release of ammonia (NH 3 ) and inorganic phosphate to 1.5-2 times its 
postmortem level, some of which comes from the phosphorylated 
intermediary sugars of glycolysis. 

Similar processes have been reported to take place in fish (Saito and 
Aria, 1958). Studies have established the importance of these nucleotides, 
particularly IMP, in relation to the flavor of good quality fish (Hashimoto, 
1965). Their are two possible paths for the degradation of inosine in fish 
muscle. There is the hydrolysis of inosine to ribose and hypoxanthine by a 
nuclease hydrolase as described earlier for meat and the other in which 
inosine is broken down to ribose 1-phosphate and hypoxanthine by a 
nucleoside phosphorylase (Tarr, 1955, 1966). The first path appears to be 
the major one, since free ribose is found at much higher levels that would 
be anticipated should the second predominate. 

In fish muscles an accumulation of inosinic acid occurs following death, 
which is subsequently broken down to inosine and orthophosphate. Since 
the rate of hydrolysis is temperature dependent, it increases with a rise in 
temperature and varies with the species. The presence of hypoxanthine in 
fish muscles has also been suggested as an index for freshness and quality of 
fish (Spinelli et al., 1964; Jones et al., 1964). Dugal (1967) proposed that 
this method could be best applied to groups of fish rather than an individual 
:ish because of the variations of hypoxanthine formation within a single fish 
of a particular species. However, he found it possible to obtain an average 
rate of hypoxanthine formation for a group of fish that appeared to reflect 
the degree of freshness for the particular species of freshwater fish studied. 

In striated muscle the most important pyridine coenzyme is nicotinamide 
adenine dinucleotide (NAD). In the reduced form, it is the enzymatic 
cofactor for the reduction of the metmyoglobin (oxidized myoglobin) and, 
in part, contributes to the stabilization of the meat color. Three enzymatic 
systems are capable of degrading this coenzyme. One is adenosine 
aminohydrolase, which is also capable of hydrolyzing in order of decreasing 

activity —AMP, ADP, ATP, NAD— and adenosine, which attacks the NAD 
al C6 of the adenine amine group. The second is by nonspecific 
pyrophosphatases, which preferentially hydrolyzes the reduced form (NADH) 
in postmortem muscle at the phosphoryl bond. However, it is the oxidized 
form that accumulates during the final stage of glycolysis, which is involved 
in the transformation of pyruvate to lactate. The third reaction is catalyzed 

by NAD glycohydrolase at the nicotinamide-ribose junction and is the major 
pathway for the postmortem catabolism of NAD. The inhibition of this third 
pathway by nicotinamide permits the maintenance of an elevated level of 
NAD and blocks the appearance of the oxidized form of myoglobin 

(Champomier, 1979). 

1.4.2 Lipolysis 

The postmortem biochemical modifications to the adipose tissues have a 
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Figure 1.10. Influence of sex and maturation time on the free fatty acids in the 

intramuscular beef lipids. From: La Conserve appertisee: Aspects 
scientifiques, techniques et economiques by Larousse. Copyright 
1991 by Technique et Documentation - Lavoisier, Paris. Used with 
permission.) 


marked effect on the organoleptic properties of meat and fish, particularly 
the flavor. These occur in two phases in succession, lipolysis followed by 
oxidation. Lipolysis involves the hydrolysis of glycerol esters, glycerides, and 
phospholipids, leading to the accumulation of free fatty acids (FFA) and 
involves a variety of enzymes. The carbolic ester hydrolases (esterases) and 
triacyl glycerol (lipases) acylhydrolases hydrolyze water-soluble carbolic acid 
esters at the water-oil interphase in an emulsified medium that liberates 
long-chain fatty acids. Glycerol esters are probably also involved via a 
cholesterol ester acylhydrolase (cholesterase). The enzymes are primarily 
endogenous; however, bacterial lipases can be involved, particularly during 
prolonged storage. The animaTs sex affects the endogenous lipolytic activity 
in muscle by a factor of 5-12 times (Fig. 1.10) (Hood and Allen, 1971). 

One of the most important endogenous lipases implicated is a hormone- 
dependent triglycerol lipase (LHS) (Rous, 1977; Wise and Jungas, 1978). 
While its structure is relatively unknown, the optimal activity pH is around 
7.0, and it preferentially hydrolyzes esters of long-chain fatty acids regardless 
of their position on the glycerol molecule. Some lipases hydrolyze 
triglycerides in the acid pH range, while others are specific for glycerides of 
short-chain water-soluble fatty acids. There is evidence of a monoglyceride. 
There is a hormone-dependent lipoprotein lipase in muscle and adipose 
tissue that after its synthesis migrates towards the endothelium of the blood 
capillaries, the site of its activity. 

There are five types of phospholipases —Al, A2, B, C, and D— that 
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Figure 1.11. Sites of attack by phospholipases on phospholipids. (From: La 

Conserve appertisee: Aspects scientifiques, techniques et 

economiques by Larousse. Copyright 1991 by Technique et 
Documentation - Lavoisier, Paris. Used with permission.) 

attack specific sites in phospholipids (Fig. 1.11). The optimal conditions for 
any one phospholipase are not easily defined since they vary as to their 
intracellular source. Their role in postmortem lipolysis in terrestrial species 
appears to be slight, but it has yet to be established. In beef, Hood and 
Allen (1971) demonstrated a lipolysis that involves both phospholipids and 
triglycerides. Valin et al. (1975) observed lipolysis of essentially triglycerides 
under refrigerated conditions. Gene et al. (1981) showed lipolysis of 
phospholipids during frozen storage. Finally, in poultry and pork, Djordevic 
et al. (1980) and Sklan and Tenne (1984) reported a lipolysis of the 
phospholipid fraction during prolonged storage. 

The situation is clearer for fish as more significant research has been 
carried out. A phospholipase A, active at alkaline pH and a thermal 
optimum at 40°C, has been isolated from many species. However, the 
accumulation of lysophospholipids from its activity is difficult to demonstrate 
as they are immediately hydrolyzed by a lysophospholipase. The 
phospholipases C and D are not involved in fish tissues. Lipolysis in fish 
flesh has been the subject of numerous studies (Olley et al., 1962); however, 
the results are quite contradictory. According to Olley and Lovem (1960) 
and Olley and Watson (1969), the accumulation of free fatty acids results 
mainly from a lipolysis of the phospholipids by a phospholipase A type. 
Conversely, Bosung and Ganrot (1969) showed a more rapid hydrolysis of 
the triglycerides in herring flesh. 

Like all enzymatic reactions, the rate of lipolysis increases with increased 
temperature as long as the enzymes concerned are not denatured. Unlike 
most hydrolytic reactions, lipolysis can take place at frozen food 
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temperatures (-18—20°C) as long as the residual water activity is sufficient 
for this reaction; however, the phosphatase activities are inhibited. 
Temperatures on the order of -80°C are required to inactivate lipolytic 
activity in meat completely. 

Studies with wheat lipases (Caillat and Drapron, 1974) show that 
lipolysis increases linearly with increased water activity. However, in muscle 
tissue, lipolysis can occur at very low water activities and lipases as well as 
phospholipases persist in freeze-dried fish meat. Most lipases have their 
optimal activity at slightly alkaline pH, with the exception of the lysosomal 
lipases, whose optimum pH is between 4 and 5. Even at the ultimate normal 
meat pH, the alkaline lipases still exhibit 50% of their maximum activity. 
The calcium ion also intervenes in the lipolysis mechanism as a cofactor of 
the lipolytic enzymes and by removing the inhibiting action of certain 
long-chain free fatty acids. 

1.4.3. Proteolysis 

Postmortem muscle proteolytic systems are subject to conditions that differ 
from those prevailing in vivo, where they control certain cellular functions 
that involve a limited proteolysis and are active in the renewal of muscle 
proteins. The pH of muscle tissue decreases about 1.5 pH units after death, 
which is a consequence of the utilization of glycogen of the muscle during 
the onset of rigor mortis (see Section 1.3.3). The intracellular protein 
catabolism in all organisms is very energy dependent. This is surprising since 
the proteolysis, per se, is an energy-producing process. A reasonable 
hypothesis is that the energy is required to assure the control and specificity 
of the postmortem transformations (Hershko and Ciechanover, 1982). 

A study of the effect of pH on the autocatalytic activity of muscle tissue 
revealed the existence of two activity levels: one in the acid range for 
lysosomal activities; the second at neutral to slightly alkaline pH for the 
neutral calcium-dependent, serine, and muscle metallic proteinases. When 
a pH level is attained that is favorable for the expression of the lysosomal 
enzymes they will still need access to their substrates. However, postmortem 
pH is favorable for the activity of the second group. 

The lowering of carcass temperature (chilling) tends to retard all the 
enzymatic reactions implicated in the transformation of muscle, including 
proteolysis. However, not all the proteinases are equally affected by the 
temperature. The lysosomal proteases whose energy of activation appears 
to be relatively low can have a significant activity at normal refrigeration 
temperatures, whereas the neutral calcium-dependent proteinases are almost 
inactive. 

1.43.1 Products of Proteolysis 

The acidification of muscle tissue during the onset of rigor mortis provokes 
a variable but significant denaturation of various muscle proteins and 



MEAT AND FISH 


35 


provides a favorable environment for proteolytic activity. If the presence 
and accumulation of free amino acids, the ultimate by-product of protein 
hydrolysis, is the indicator, then there appears to be little proteolytic activity 
during maturation (Valin, 1982). Beef muscle matured for 15 days at 4°C 
showed only a slight increase in free amine nitrogen (free amino acids). 
However, a significant endogenous activity was observed in the longissimus 
dorsi muscle in sterile medium at 37°C following the development of normal 
rigor mortis with a final pH in the order of 5.5. At higher final pH values, 
the intensity of the proteolysis decreases as it does when the temperature is 
lowered. 

The level of free amino acids as a measurement of proteolytic activity 
does not include the appearance of other hydrolytic products like the 
peptides with molecular weights of a few thousand and other protein 
fragments with a molecular weight of a few tens of thousands and which is 
not insignificant. The proteolysis that occurs within the myofibril structure 
and in the cell wall is a good example. Postmortem proteolysis preferentially 
produces free amino acids in meats that have an elevated pH, whereas it is 
the peptides that accumulate at a pH in the neighborhood of 5.5. 

I.4.3.2 Myofibril Modification and Meat Tenderization 

The principle modifications to the contractile structure during maturation 
are the destruction of the Z line and M band, a disorganization of the 
transverse alignment of the sarcomere, and a cleavage in the myofibrils at 
the junction with the fine filaments (I band) and the Z line. Transverse 
cellular structures (the N band), located in the myofibril cleavage zone, are 
composed of nebulin that is associated with significant quantities of calcium 
to protect this location during maturation. Therefore, the cleavage of the 
myofibril structure takes place at the margins of the N band. 

While the myofibril proteins are not appreciably degraded during 
maturation, studies have shown that the myofibrillar and the cellular 
structures are the subject of proteolysis. The principle detectable 
modification is the progressive disappearance of tropinin T; however, there 
does not appear to be a direct relationship between this and tenderization. 
Troponin I and the thick myosin chains also undergo proteolysis, although 
less rapidly. Only the structural proteins —nebulin and desmin— are broken 
down during maturation. For connectin, a major constituent of the T 
filaments, the results are more contradictory and need further investigation. 

As there is proteolysis of these structures, specific polypeptides with 
molecular weights between 25 and 34 K appear. The major compound with 
a molecular weight of 30 K is used as a maturation index, as its 
concentration parallels the increase in the meat tenderness (Fig. 1.12). 
Tenderness can be evaluated mechanically or biochemically (Quali, 1981). 
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Figure 1.12. Post mortem proteolyssis of the myofibril structure and changes 

to meat tenderness (From: La Conserve Appertisee: Aspects 
scientifques, techniques et economiques by Larousse. Copyright 1991 
by Technique et Documentation - Lavoisier, Paris. Used with 
permision.) 

The statistical correlations between the quantity of 30 K compounds found 
and the tenderness is on the order of r — 0.90 and r = 0.94, respectively, 
where r is the correlation coefficient. 

Aside from those easily identified compounds, minor compounds of high 
molecular weight such as the SI fragments of myosin, a compound moving 
in front of connectin, have been observed. In fact, these transformations 
begin before rigor mortis is established. Among the products of proteolysis 
of the myofibril structure that have been found in the longissimus dorsi beef 
muscle during the first 24 hours postmortem are those of tropomyosin and 
a short chain of myosin that has a molecular weight in the neighborhood of 

20-40 K. 

1.4.3.3 Muscle Proteinases 

Muscle, in vivo, shows a very active protein that suggests the existence of a 
very active proteolytic system. Many reviews have been devoted to the 
proteolytic enzymes of muscles (e.g., Valin, 1985; Bond and Butler, 1987); 
however, the following description will be limited to those apparently 
implicated in the postmortem tenderization of meat. The enzymes involved 
can be grouped according to the pH of the medium in which their activity 
is optimal. 

The alkaline proteases degrade muscle proteins, serum albumin, casein, 
and hemoglobin optimally at pH 8.5-9.0. Enzyme activity is decreased by 
divalent cations, inhibited by /?-chloromercuribensoate and activated by 
cysteine and glutathione. MAP, an alkaline protease, has a pH optimum at 
9.5-10.5 and is stable at temperatures up to 47°C. 
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The calcium-activated neutral proteases (CANP) have a pH optimum of 

^ I 

7.5. They are activated by millimolar concentrations of Ca , and their 
activity increases with increased calcium ion concentrations. They 
preferentially degrade the Z band of myofibrils. However, a-actinin, a main 
constituent of the Z band, is unaffected, whereas troponin and tropomyosin, 
while not in the Z band, are readily degraded. Troponin T is the most 
susceptible subunit, while troponin C is unaffected. Tropomyosin is split in 
two fragments. Myosin in the heavy chain is cleaved only at very high 
enzyme concentrations, while actin is completely resistant. Because of its 
effect on Z lines, this enzyme is a likely candidate for being involved in 
postmortem tenderization processes. The partial destruction of Z lines is a 
characteristic of the aging process. However, the pH of postmortem muscle 
is usually far below the optimum for these enzymes, and is often at a level 
that inhibits enzyme activity. 

The preponderant role of calcium in the postmortem meat proteolysis 
process was shown by incubation of muscle fibers in the presence of calcium 
ions with a disappearance of the Z line. Goll (1970) isolated a calcium- 
activated enzyme at levels from 2-5 mM —called calpain II— capable of 
initiating this type of structural alteration. Apparently specific for the 
hydrolysis of the troponins T, I, and tropomyosin. It also has an elevated 
affinity for desmin, a cellular compound located at the level of the Z line. 
A second enzyme, calpain I, has been isolated that has the same properties 
but is activated at very low calcium ion concentrations on the order of that 
encountered in muscle tissue. Finally, a proteolytic inhibitor specific for 
these two enzymes has been isolated (Cottin, 1983). 

These two enzymes are the cysteine-proteinases, which have molecular 
weights of 75,000 and 71,000 respectively. Their proteinaceous inhibitor has 
a molecular weight of 64,000, is very acidic, and is thermally stable. Calpain 
I is unstable at acid pH, and its activity decreases progressively postmortem 
along with the normal decrease in the muscle. 

The cathepsins A, B, C, D, E, and L are acidic proteases that are 
generally regarded as lysosomal enzymes, some of which appear to play a 
significant role in the intracellular protein catabolism, where they regulate 
certain cellular functions (Bird and Carter, 1980; Valin, 1985). All are very 
active at low pH values, but each has its own optimum, and their substrate 
specificities are quite different, and they are unstable at pH 7 and above. 
Cathepsins A and C act on small synthesized peptides, but not on native 
proteins. Cathepsin B breaks down myosin and actin as well as synthesized 
peptides. Cathepsin D has been known for the longest time, and there is a 
great homology between the structures of cathepsin D and pepsin. It has a 
molecular weight of 42,000 and preferentially cleaves the peptide linkages 
between amino acids having a hydrophobic chain. It differs from pepsin with 
respect to its action on certain proteins. The optimal pH for this enzyme is 
around 3.5, with its activity decreasing rapidly at pH above 5. Cathepsin D 
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will not split synthesized peptides, but it actively will hydrolyze myosin. 
Cathepsin L, which was identified in muscle more recently, digests act in, 
myosin, a-actinin, tropinin, and tropomyosin. B, H, and L are activated by 
glutathione, a component of the muscle fiber cytosol. It has been suggested 
that cathepsin A attacks the fragments that result from cleavage by the other 
proteases. The postmortem lysis of lysosomes results in the release of these 
enzymes and undoubtedly plays a role in many of the postmortem changes 
that occur during aging. 

To a varying degree, the cathepsins B, H, and L act on collagen. 
Cathepsin B can depolymerize and solubilize the collagen fiber at acid pH 
by attacking the nonhelical region (telopeptide), where certain 
intermolecular linkages are located. It is similar in activity to bacterial 
collagenases that affect cleavage and liberation of small peptides, compared 
with the tissue collagenases, which only cleave the helical part of the 
collagen molecule into two fragments. Cathepsin L has the same action, but 
is less efficient. Cathepsin H, however, has no measurable collagen activity. 
To date, only cathepsin B has a demonstrated activity on the triple helix of 
the collagen molecule. Cathepsin L can effect cleavage in this region if the 
collagen molecule has been denatured. Cathepsin D is less active on 
collagen, while the proteoglycans of cartilage are good substrates. 

There are endogenous inhibitors for cathepsins B, H, and L, some of 
which have low molecular weight and are thermosresistant (Bice, et al., 

1985) , and others with higher molecular weights around 60,000 (Quali et al., 

1986) . There is little information as to the location of the former, whereas 
the latter appear to have a functional localization that depends upon the 
type of fibers (Quali et al., 1986), with the slow red fibers being the richer. 
There are no known inhibitors for cathepsin D. 

1.4.3.4 Role of the Muscle Proteinases in Maturation 

Studies to date indicate that the postmortem modifications of the myofibril 
structure and of the cell wall are essentially attributable to the neutral 
calcium-dependent proteases and the lysosomal cysteine proteinases. There 
is no indication of involvement by the mononucleated cell proteases of 
muscle tissue nor of their delocalization permitting them to attack the 
myofibril. However, connective tissue where these cells are located appears 
to be only weakly affected during postmortem. 

The strong stability of calpain II has been demonstrated in postmortem 
rabbit and bovine muscle. Calpain activity decreases rapidly upon the onset 
of rigor mortis and more slowly thereafter. The aim of electrical stimulation 
of bovine carcasses is to accelerate the rate of the fall of the postmortem 
pH, with 80% of the calpain I activity and 50% of the inhibitor activity 
being lost in the course of the stimulation (Ducastain et al., 1985). 

On the other hand, postmortem acidification of muscle does not appear 
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to limit the activity of the lysosomal enzymes. Their intervention in the 
postmortem proteolysis depends upon their eventual release from the 
lysosomes and their interaction. When the muscle structure is more or less 
altered by mechanical treatments such as cleavage or even freeze-thaw, the 
release of these enzymes is implemented by disruption of the muscle fiber 
structure and can have a significant effect. In the intact muscle their release 
is limited; however, this can be increased at elevated temperatures and by 
lowering the pH to at least 6.0. Electrical stimulation appears to optimize 
liberation of at least the cathepsins B and H (Wu et al., 1985). 

Tropin in T, which is activated by the increased postmortem calcium ion 
level, is hydrolyzed with the appearance of a compound with a molecular 
weight around 30,000, and a disappearance of the Z line and the M band is 
observed. There is no observable filament rupture nor alteration in the 
arrangement of the myofibrils during maturation. The calpains, therefore, 
are only partially responsible for the structural modifications attributable to 
maturation. 

In contrast, the myofibril structure can be considerably altered by the 
lysosomal proteases, with the principal attack sites being situated near the 
N band and at the periphery of the A bands without being connected to the 
hydrolysis of a specific protein. These structural modifications are attributed 
to cathepsins B and L. Cathepsin D does not appear to be involved at this 
level. In vitro studies have revealed that calpains and lysosomal enzymes can 
breakdown troponins T and I, tropomyosin, protein C, desmin, connectin, 
and nebulin, whereas myosin, actinin, troponin C, and actin are only 
susceptible to the action of the lysosomal enzymes and more precisely the 
cathepsins D, B, and L (Quali et al., 1987). On the other hand, only the 
calpains appear to be responsible for the appearance of hydrolytic products 
with a molecular weight around 30,000, whereas the lysosomal enzymes only 
produce polypeptides of 27,000 D. Since the calpains do not have an effect 
on myosin, the SI myosin fragment that appears during the course of 
maturation must, very assuredly, come from the hydrolysis of the thick 
myosin chains by the lysosomal enzymes and more precisely from the action 
of cathepsin D (Dufour et al., 1989). 

Experimental results to date support the belief that almost all the 
observed modifications to the myofibrils during maturation can be explained 
by the action of the muscle proteinases previously described. They also show 
that there is a necessity for a synergistic relationship between the calpains 
and lysosomal proteases in order for the maturation to proceed normally. 

The more collagen there is in the muscle and the more it is polymerized, 
the less tender the meat will be after cooking. It does not appear undergo 
a marked change during maturation. However, an assumption can be made 
that some proteolysis occurs that would explain its increased solubility 
following heating and the decrease in its thermal denaturation temperature 
(Judge and Aberle, 1982; Stanton and Light, 1988). These effects have been 
attributed the lysosomal enzyme system (Kopp and Valin, 1981). 
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The lysosomal potential vis-a-vis this protein is only slightly mobilized 
during maturation of chilled meat. However, under certain conditions, this 
enzyme system can have a significant effect on meat tenderness via its effect 
on collagen. Tenderization techniques for meats rich in collagen, such as 
prolonged low-temperature heating, depend upon the mobilization of the 
proteolytic potential and the activity of the enzyme systems (Laakonin et al., 
1970). By placing the muscles at a temperature of 55-58°C for a sufficiently 
long time, the lysosomal proteinases, which are active up to 60°C, cause a 
significant hydrolysis of the collagen that results in a forced tenderization. 

1.4.4 Summary 

Enzymatic mechanisms play a major role in the postmortem transformation 
of muscle into meat. Although those involved in rigor mortis are fairly well 
known, it is not the same for maturation. While there has been considerable 
study in this area, the results to date only describe processes while ignoring 
the mechanisms. This hinders efforts to optimize the treatment technologies 
for the industrial use of carcasses and meats. 

As for meat tenderness, the intervention of at least two enzymatic 
systems has been clearly demonstrated as well as the relative part of the 
transformations that involve collagen and the myofibril structure. By 
contrast, the relationship that exists between the conditions for the onset of 
rigor mortis and the kinetics of the tenderization during maturation is far 
from being established. This constitutes a major limitation to the 
optimization of processes such as electrical stimulation and early 
refrigeration of carcasses. 

The postmortem regulation of the oxyreduction state of the myoglobin 
responsible for meat color has not been totally elucidated. The latest results 
(Renerre and Labas, 1987) have shown that the autoxidation of the pigment 
rather than the mechanisms of reduction of the metamyoglobin has a major 
role. The autoxidation of the pigment is very dependent upon the 
postmortem uptake of oxygen by the muscle tissue. This explains the great 
instability of the muscle color in oxidative dominant energy metabolism. 
The roles played by the postmortem proteolysis and the lipolysis that 
supplies a number of important flavor precursors are still not very well 
known. Further research into this area would certainly be welcome. 

In spite of that which is unknown, the research on enzymatic 
mechanisms of the muscle transformation in meat has the benefit of bringing 
into focus the biological basis of the variability of the observed qualitative 
characteristics of meats. This variability can be attributed to that seen in the 
muscle fiber with respect to their composition and enzyme complement 
(Valin, 1988). The simple variability of contractile and metabolic types 
observed between animals for the same homologous muscles explains the 
very large qualitative variation that the consumer and the canner perceives 
when consuming or processing meat. 
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2 

FRUITS AND VEGETABLES 


Fruits and vegetables are living organs. They continue to respire after 
harvest; so their postharvest shelf-life is variable and limited. They have 
generally high moisture contents, can be dehydrated fairly rapidly, and are 
prone to microbial (e.g., fungi and bacteria) attack and spoilage. In 
addition, and unless checked, their normal physiological and biochemical 
processes can produce organoleptic and technological deterioration. For this 
reason, various methods are sought to maintain their appropriate state for 
canning. The problem is very complex due to their diversity and the 
plurality of the phenomenon implicated in their survival. A sound 
knowledge of the physiology and biochemistry of harvested fruit and 
vegetable products, and the intervention of regulating factors, is necessary 
in order to apply the most suitable processes. 

Softening of the fresh fruit and vegetables is one of the most important 
changes that occurrs during storage. It has a major influence on fruit and 
vegetable use as canned food raw products. The texture of living organs is 
dictated by its cellular anatomy, hydration, and cell wall composition. 
Contrary to animal cells, vegetable cells have walls that give rigidity and 
protection. Softening is an integral part of the maturation of most fruits, 
and it has a considerable commercial importance because, to a considerable 
degree, the postharvest life utilization is limited by the rapidity of its 
development. It increases the risk of physical damage and the susceptibility 
to various adverse disorders. Maturation of a climacteric fruit is correlated 
to an autocatalytic synthesis of ethylene, closely associated with an increased 
respiration. Disagreeable flavors and off-colors can develop during storage 
and affect utilization. Thus the enzymatic systems that are responsible 
should be understood so that these defects may be avoided. 

This chapter will be limited to fresh fruit and vegetables and the 
principal physiological and biochemical processes implicated in their 
maturation and subsequent deterioration. Because of their rapid 
deterioration, products destined for the cannery are generally used as soon 
as possible after harvest. The survival of fruit and vegetable organs depends 
considerably upon their nature, structure, natural biological functions, 
metabolism, and susceptibility to external attack. Each product type tends 
to be unique and requires individual study. 
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2.1 PRODUCTS 

Fruit and vegetable products can be divided into two large groups. One is 
composed of complete organs that are naturally destined to be separated 
from their plant, where harvesting does not create any particular trauma. 
There are those within this grouping that have been adapted for a more or 
less extended survival periods because they are dehydrated (e.g., seeds) 
and/or contain metabolic reserves and have buds (e.g., tubers, bulbs). There 
are also the transitory organs that can only progress toward death (e.g., 
pulpy fruit). 

The second group is represented by the vegetative parts whose 
separation is artificial, which renders them extremely fragile. These are 
primarily roots (e.g., carrot), leaves (e.g., spinach, lettuce), stalks (e.g., 
asparagus), inflorescence (e.g., artichoke, cauliflower), and immature fruit 
(e.g., green beans). Maintenance of their quality poses problems that are 
often the most difficult to resolve as they are actively growing organs that 
will be denied the support from the whole plant (e.g., water, nutritional 
substances, hormones) when harvested. Other groupings based on structural 
similarities or other characteristics are possible. 

2.1.1 Pulpy Fruit 

Pulpy fruit are organs with abundant water that contain seeds, except the 
parthenocarpic fruits. The seeds appear to play a role in their postharvest 
behavior, but to date this has not been determined. They are covered by an 
epidermis (epicarp) that more or less effectively protects them against the 
loss of moisture. Their massive structure sometimes restricts intercellular 
gas circulation. They have abundant reserves and a very active metabolism. 
Profound biochemical disruptions mark their maturation and the start of 
their progression toward death. Maturation commonly occurs in plants 
before the fall of the fruit, but some can be picked while immature, thus 
prolonging their survival. 

2.1.2 Leafy Vegetables 

Unless grown in the absence of light, leafy vegetables are rich in chlorophyll. 
They have an elevated water content and their surface in relation to the 
volume is very important as they can dehydrate easily and rapidly become 
withered. They generally contain little in the way of reserves; however, as 
they are young and in full growth, their metabolism is very active. For these 
reasons their postharvest shelf-life is very limited. 

2.1.3 Bulbs and Tubers 

Bulbs and tubers generally grow somewhat deeply in the soil. They have 
abundant reserves accumulated at the base of the leaves that forms kinds of 
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coats or shells (bulbs) or in the axis of the subterranean stem (tubers). They 
have buds that will assure the propagation of the plant or its flowering. 
They generally are sufficiently well protected against external attack and loss 
of water (i.e., dry external coats or shells of the bulbs, thick peridermis of 
the tubers). After harvest the buds gradually lose their dormancy. Growth 
leads to the utilization of the reserves and renders the organs unsuitable for 
processing. 

2.1.4 Seeds 

Seeds are well adapted for survival and propagation. Most become very 
dehydrated (orthodox seeds) during maturation of the fruit and remain 
viable in that state for extended periods. There is a risk of germination or 
subgermination changes if they are rehydrated after harvest. However, 
while this can and does occur, it can, to various degrees, be retarded, 
depending upon the dormancy state (Come, 1970, 1982). 

2.2 PROBLEMS 

Most of the problems encountered in the preservation of fruit and vegetable 
products come from the fact that they are living organs. Their survival is 
linked to the entire cellular organization and metabolic activity. With the 
exception of most seeds, they have abundant water and risk dehydration. 
They are also the site of particular physiological processes that can be 
injurious to their preservation, such as rapid senescence, spoiling before 
ripening, seed germination, and eventual growth of tuber and bulb buds. 
Although living tissue is naturally sterile internally, the external surface is 
contaminated with various microorganisms (fungi, bacteria) that can grow at 
the expense of the product in the presence of spoilage, wounds, or other 
portals of entry to cellular and tissue fluids. 

2.2.1 Structural Aspects 

A vegetable organ is composed of highly structured cells organized into 
tissues (e.g., parenchyma, conductive tissue, superficial tissue, etc.), each 
having particular functions and properties that are not necessarily 
maintained in an identical manner after harvest. The harmonious 
functioning of each cell depends directly upon its integrity and that of its 
neighboring cells. No cell lives independently of the surrounding cells. A 
trauma affects those cells directly involved as well as those located in close 
proximity and also frequently those at some distance from the site of the 
trauma. 

The cells are separated by gaseous spaces whose size varies greatly from 
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Table 2.1. 


Average Porosity Values for Some Large Organs 


Product 


Porosity 

(cm 2 /cm 3 ) 


Apples 


- young 

8-24 

- adult 

21-26 

Pears 


- young 

3-7 

- adult 

7-8 

Bananas, ripe 

9-13 

Peaches 

3-11 

Mangos 

5-13 

Avocado 

5 

Papaya 

12 

Pineapple 

10-14 

Potato 

1-3 

Carrots 

2-3 


Source: Ulrich and Marcell in, 1955. 


organ to organ and by age and physiological status. This somewhat porous 
texture is characterized by two parameters, the porosity and specific surface. 
The porosity is the ratio of the volume of the intercellular space to the total 
volume of the organ and is expressed as a percentage. The specific surface 
is the surface of the intercellular spaces (i.e., the area of the cell-pore 
interphase) reduced to unit volume and is expressed in centimeters squared 
per centimeters cubed. For the massive organs like pulpy fruit or tubers, the 
tissue porosity (see Table 2.1) can play an important role in their survival. 
The cellular respiration involves an uptake of oxygen and emission of carbon 
dioxide, and gaseous exchanges are established between the tissues and the 
external atmosphere. These involve two types of diffusion, free, and active. 
Free diffusion tends to equalize the gas concentrations between the internal 
organ atmosphere and the ambient air, whereas active diffusion involves the 
passage of dissolved gases across the cell membranes and walls. In 
accordance with their solubility coefficients, the respiratory gases 
preferentially use one or other of these paths. As carbon dioxide is about 
30 times more soluble in water than oxygen, it can easily be diffused by both 
routes, while oxygen takes the path via the pores. This is the required route 
for the superficial tissues that are covered by a somewhat impermeable 
epidermis, however perforated by stomata or by a more or less corklike 
periderm pierced with lenticels. The respective importance of the resistance 
offered by both the cellular mass and the surface-to-gas circulation is, in 
part, responsible for the internal gas composition of the organs. In certain 
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Table 2.2. Changes in the Oxygen and Carbon Dioxide Tensions in the 

Internal Atmosphere of Yellow Newton Apples with 
Temperature 


Temperature 

(°C) 

Oxygen 

(%) 

Carbon Dioxide 

(%) 

2 

14.2 

6.7 

6 

12.9 

8.4 

11 

10.7 

12.2 

20 

5.5 

17,2 

30 

-" " T - 

3.2 

21.4 


Source : 


cases, the surface is primarily the limiting factor in the gaseous exchange 
(e.g., apple, potato). In other cases, it is the cellular mass that is the least 
permeable (e.g., peach, banana, avocado). The composition of the internal 
gases, therefore, varies according to the organs. For the same organ, 
however, it is also a function of the temperature, as it affects the respiratory 
rate (Table 2.2). 


2.2.2 Water 


Fruits and vegetables are generally saturated with water, which provides the 
turgidity and, hence, their firmness and fresh appearance. Depending upon 
the atmospheric conditions in which they are held (e.g., temperature, 
humidity), however, they can dehydrate. Excessive water loss leads to 
wilting, weight loss, and some unfavorable physiological consequences that 
accelerate the onset of senescence. The opposite is the case for seeds that 
have low moisture levels and survive very well in that state. Hydration 
initiates germination or a subgermination increased respiration, which 
adversely affects the quality and can increase risk of fungal growth. There 
are some very aqueous seeds (called recalcitrant) that die rapidly when dried; 
however, very few of these are used as fresh foods. 

2.2.3 Metabolism 

Every living hydrated cell has a very active metabolism necessary for survival. 
Any disturbance or deregulation of the metabolism can have adverse effects. 
The metabolic activity is precisely controlled by the cell in conjunction with 
various environmental factors. Respiration is the prime supplier of the 
energy the cell needs for its numerous functions. When the respiratory 
activity is disrupted, other mechanisms are brought into play (e.g., 
fermentation) that are generally detrimental, as they can cause the 
production of harmful substances. The respiratory metabolism is a process 
of degradation of cellular constituents (i.e., primarily the glucides). This 
leads to a utilization of the reserves that must be present in sufficient 
quantities so that the organism can survive after harvesting. It should be 
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kept in mind, however, that this is accompanied by an uptake of oxygen 
and a release of carbon dioxide. 

Other metabolic activities, considerably more subtle, often play a 
significant role in the physiology of the organisms after their harvest. Of 
considerable importance is the synthesis of ethylene (C 2 H 4 ). This gaseous 
compound is produced in small quantities by the cells, passed into the 
intercellular spaces, and on to the exterior of the organism; however, it has 
many harmful effects, even at very low concentrations. 

Certain oxidative reactions, like browning, can affect preservation. 
Browning can appear as the result of various traumas of mechanical (e.g., 
shock, cutting, wounds) or pathological (e.g., cellular disruption of various 
types) origin. Lipid oxidation can lead to undesirable flavors and odors. 

2.2.4 Physiology 

Many organs age rapidly after harvest, resulting in senescence. This 
inadequately defined term masks an assembly of disturbances that, in total, 
leads to death. The causes are diverse, and the processes involved remain 
unclear. Pulpy fruit is very susceptible; however, senescence is preceded by 
ripening. 

Bulbs and tubers have buds that are physiologically dormant at harvest 
and are incapable of developing. During storage, the dormancy is released 
and the buds can start to grow, which can considerably depreciate the 
product. 

Seeds are practically inert as long as they remain sufficiently 
dehydrated. However, their physiological properties evolve during their 
conservation and they can germinate if they have an elevated moisture at 
the time of harvest or if the atmosphere is very humid. 

2.2.5 Pathology 


Various spoilage characteristics can and do appear in fruits and vegetables 
after their harvest, especially at the site of wounds because the cellular 
fluids released from the injured cells constitute an excellent medium for the 
growth of fungi and bacteria. During storage, the spoilage enlarges and 
can affect the neighboring products. Thus only healthy products should be 
stored, eliminating those that show any unfavorable alterations. Shocking 
and wounding before and during storage and transportation should be 
avoided. 

2.3 THE VEGETABLE CELL 
2.3.1 Structure 

Figure 2.1 represents the structure of a typical vegetable cell and depicts 
the various components. While many of the components are common to all 



FRUIT AND VEGETABLES 


53 


VACUOLE 


MITOCHONDRION 

CYTOPLASM 

PLASMALEMMA 


NUCLEUS 

WALL 

CHLOROPLAST 

MEATUS 


Figure 2.1. Simplified cross-section drawing of a vegetable cell. (From: La Conserve 

appertisee: aspects scientifiques, techniques et economiques by Larousse , 
Copyright 1991 by Technique et Documentation - Lavoisier, Paris. Used 
with permission.) 

living cells, there are important differences. Each is enclosed in a cellulose 
wall that forms a more or less rigid skeleton. The walls of two adjacent cells 
are joined together by pectic substances. However, at each angle, the cells 
are not joined, which creates a space called a meatus. These spaces form a 
continuous network in which gases circulate and are essential for the uptake 
of oxygen and the release of carbon dioxide to and from the cells. 

The cytoplasm, the vacuoles, and the organelles are contained within a 
single or double membrane (Mazliak, 1971). That forming the external 
border of the cytoplasm is known as the plasmalemma. The cellular 
membranes are generally constructed in the same manner (Fig. 2.2) by lipids 
(e.g., phospholipids and galactolipids), organized in a double layer and with 
proteins encased in the lipid matrix (e.g., integrated proteins) or superficially 
(e.g., peripheral proteins). Many of these proteins are enzymes. Cellular 
water-soluble reserves (e.g., sugars, acids, amines) are located in the 
vacuoles, in contrast to starch and lipid reserves, which are contained in the 
cytoplasm. The cell is the site of innumerable enzymatically catalyzed 
biochemical reactions that give rise to exchanges, such as water, various 
substances, and gases (e.g., oxygen, carbon dioxide, ethylene, odorous 
volatile compounds) with the neighboring cells and to the exterior. 

2.3.2 Composition of the Cell Wall 

The cell walls form the plant skeleton, giving it shape and rigidity. They 
control cell growth and form a barrier against attack. The wall composition 
varies during plant development, particularly during maturation, with 
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INTEGRATED 

PROTEIN 



LIPIDS 


PERIPHERAL PROTEINS 

Figure 2.2. Simplified diagram of a cellular membrane from the model of Singer 

and Nicolson (1972). (From: La Conserve appertisee: aspects scientifiques, 
techniques et economiques by Larousse , Copyright 1991 by Technique et 
Documentation - Lavoisier, Paris. Used with permission.) 

numerous modifications taking place for which specific enzymes are 
responsible. Knowledge of the cell wall structure is vital to understand the 
mechanisms and changes taking place during maturation. The composition 
of the cell wall cannot easily be portrayed. However, the components can 
be classified according to the manner in which they are extracted. Pectin 
and some polysaccharides are extracted by dilute acids, hemicelluloses, and 
other polysaccharides are then extracted by strong alkalis, and what remains 
is cellulose. 

The pectins are polymers in which chains of glacturonosyl residues are 
covalently associated to polysaccharide chains (Darvill et al., 1980) and form 
about 35% of the cell wall. They have the property to take up water and 
form gels. The polysaccharides involved are glucose (Glc); galactose (Gal); 
mannose (Man); xylose (Xyl); arabinose (Ara); rhamnose (Rha); glucuronic 
acid (Glc A); and galacturonic acid (Gal A). They are essential constituents 
of the vegetable fibers and are not broken down by human digestive 
enzymes. They also are of great industrial interest as gelling agents. The 
hemicelluloses are composed of polymeric xyloglucanes, xylanes, and 
heteroglycanes noncovalently associated to cellulose. The pectins and 
hemicelluloses have not been as well defined chemically as, for example, the 
proteins. Cellulose is a glucose polymer whose units are linked by /3-l,4 
bonds. The degree of polymerization has not been defined. 

The cell walls contain both structural and enzymatic proteins. The 
structural protein extensine, a glycoprotein rich in hydroxy proline and found 
extensively in the vegetable kingdom, is the best known, but it is not the only 
protein in the cell wall. There are proline- and glycine-rich proteins 
containing no hydroxy proline that have been found in carrots, petunia, and 
soya. The extensines studied to date are basic with large amounts of lysine, 
little aspartic and glutamic acids, and considerable amounts of hydroxy- 
proline and arabinose. A complete review of the parietal proteins can be 
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Figure 2.3. Linkage of extensine molecules by isodityrosine bridges. (From: La 

Conserve appertisee: aspects scientifiques, techniques et economiques by 
Larousse, Copyright 1991 by Technique et Documentation - Lavoisier, 
Paris. Used with permission.) 

found in a 1988 article by Cassab and Warner. The cell wall enzymes will 
be discussed in Section 2.5.1. 

While the chemical composition of the cell wall has been pretty well 
identified, the formation of the structure remains to be clarified. However, 
the chemical components, isolated and characterized in vitro, may not 
correspond exactly to those in vivo. To study the chemical composition of 
the walls, the polymeric components must be chemically and enzymatically 
separated, isolated, purified, and characterized. The reconstitution of the 
cell wall is an arduous task, and the models proposed for this are, at this 
time, only approximations. The prime question is how the different 
elements of the wall are linked (e.g., pectins, hemicelluloses, extensine, 
cellulose). 

The extensine molecules can be linked by isodityrosine bridges (Fry, 
1986) (Fig. 2.3) and the basic extensine and acidic pectin by ionic bonds. It 
is possible that the pectin molecules are linked by oxidative coupling of their 
phenolic groups. In effect, ferulic and p-coumaric acids are linked to the 
pectins by their COOH groups (Fig. 2.3). The pectin molecules are also 
linked by calcium bridges (via the carboxylic groups of galacturonic acid) and 
by ester bonds (between uronic acid and neutral sugars). Hydrogen bonds 
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Figure 2.4. Linkage of ferulate and p-coumarate to pectins via their carboxyl 

(COOH) groups. (From: La Conserve appertisee: aspects scientifiques, 
techniques et economiques by Larousse, Copyright 1991 by Technique et 
Documentation - Lavoisier, Paris. Used with permission.) 

are the principal means of bonding in the hemicelluloses within and with 
cellulose. The glycosidic bonds with xyloglucane and pectin assure the 
cohesion between hemicelluloses and pectins. Certain enzymes are fixed by 
ionic bonds to pectic acids, whereas others are linked in a covalent manner, 
perhaps by an isodityrosine bridge. 

2.3.3 Middle Membrane Structure 

The middle or internal membrane is the region contained between two 
adjacent cell walls. Its chemical composition is slightly different from that 
of the cell walls, which are rich in pectins and appear as a gel. While the 
various components of the membrane are known, their arrangement is not. 
However, it is believed that the bonding is ionic rather than covalent to 
attain the cohesion. Calcium plays an important role in the stability of the 
structure by forming structures, called egg boxes , with the galacturonosyl 
residues that belong to parallel chains of polygalacturonic acid (Fig. 2.4). 

2.4 METABOLIC ACTIVITY 

2.4.1 Respiration 

Respiration, in which oxygen is consumed and carbon dioxide and water are 
released, is commonly used as an overall indicator of metabolic activity. The 
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Figure 2.5. Simplified schematic of the oxidative and fermentative metabolism. 

(From: La Conserve appertisee: aspects scientifiques, techniques et 
economiques by Larousse, Copyright 1991 by Technique et 
Documentation - Lavoisier, Paris. Used with permission.) 

uptake of oxygen and the release of carbon dioxide can be easily measured. 
However, there are a number of complicated and interrelated reactions that 
take place between the uptake of oxygen and the subsequent release of 
carbon dioxide and water. 

Glucose-6-phosphate (Fig. 2.5), which is derived from the breakdown 
of starch and sucrose, enters into a series of reactions that take place either 
in the cytoplasm (glycolysis) or in the mitochondria (Krebs cycle and a chain 
of respiratory oxidations), producing carbon dioxide, water, and energy as 
the ultimate end products. Respiratory carbon dioxide is produced in 
successive steps by the Krebs cycle. The oxygen is necessary at the end of 
the process to assure the function of the chain of respiratory oxidations and 
the production of water. 

The energy produced by the breakdown of glucose-6-phosphate during 
respiration is employed for the synthesis of adenosine triphosphate (ATP), 
which is essential for the respiratory oxidation chain. ATP is necessary for 
a number of vital reactions and for the maintenance of the structural and 
functional integrity of the cells. However, part of this energy is lost in the 
form of heat, which increases the temperature of the organism and is even 
generated during refrigerated storage. 

In the absence of oxygen or when mitochondrial function is altered, 
pyruvic acid (the end product of glycolysis) cannot be metabolized by the 
normal oxidation route, and fermentation metabolism takes over, producing 
toxic compounds (ethanol or lactic acid) and in the case of alcoholic 
fermentation carbon dioxide. When oxygen is only partially depleted, 
respiration and fermentation function simultaneously. It is important to note 
that much less energy and, hence, ATP, is produced during fermentation 
than in normal respiration. 
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Figure 2.6. Simplified methionine cycle in the synthesis of ethylene. (From: La 

Conserve appertisee: aspects scientifiques, techniques et economiques by 
Larousse, Copyright 1991 by Technique et Documentation - Lavoisier, 
Paris. Used with permission.) 


2.4.2 Ethylene Biosynthesis 


Ethylene plays an important role in fruits and vegetables by regulating 
a number of processes during their entire life (from germination to 
senescence). It also has a significant impact. It is active at trace levels and 
is produced by all plant organs: leaves, roots, flower, tubers, fruit, 
germinating seeds. From the work of Lieberman and Mapson (1964) and 
others (Adams and Yang, 1979; Yang, 1980, 1981; Yang and Hoffman, 
1984), the principal biosynthetic pathway for ethylene from methionine is 
now established (Fig. 2.6). 
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Figure 2.7. Conversion of methionine to S-adenosyl methionine (SAM) by 

methionine adenosyl transferase. (From: La Conserve appertisee: aspects 
scientifiques, techniques et economiques by Larousse, Copyright 1991 by 
Technique et Documentation - Lavoisier, Paris. Used with permission.) 
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Methionine adenosyl transferase in the presence of ATP catalyzes the 
formation of A-adensoyl methionine (SAM) from methionine, the first step 
in the synthesis of ethylene (Fig. 2.7). While principally studied in animals, 
the presence of this enzyme in vegetables has been shown by Konzw and 
Kende (1979), but this source apparently has not been the subject of an 
extensive study nor, has it been isolated or purified. 

The next step is the conversion of SAM to 1-aminocyclopropane-l- 
carboxylic acid (ACC) by the enzyme ACC synthase (S-adenosyl-L- 
methionine methyl thioadenosine lyase) (Fig. 2.8). The quantity of ACC 
formed as determined by gas chromatography (Lizada and Yang, 1979) is a 
measure of the activity of this reaction. The pH optimum for the enzyme 
is around 9. Aminoethoxyvinyl glycine (AVG) is a competitive inhibitor of 
the substrate (SAM) and inactivates the enzyme during the catalysis. The 
substrate acts as an inhibitor (activated by the enzyme) of ACC synthesis by 
covalent fixation of a fragment of the SAM molecule to the activity center 
of the enzyme (Satoh and Yang, 1988) 

Ethylene plays a hormonal role in vegetables. During the early stages 
of the development of the tomato while the fruit is still green, ethylene is 
not produced. A sudden increase in the rate of its synthesis is observed at 
the onset of maturation. Increased ethylene production also occurs when 
the plant is submitted to stress (e.g., wounds). 

In many vegetable tissues, the ethylene synthesis rate is limited by the 
activity of the ACC synthase. The conditions and the substances that 
inducethe formation of ethylene (such as stress and strong concentrations of 
auxines) frequently increase the activity of the ACC synthase. In the 
tomato, the induction of the ACC synthase appears to implicate a de novo 
synthesis of the enzyme, as cycloheximide inhibits the augmentation of the 
enzymatic activity induced by a wound. The possibility of blocking the ACC 
synthase by AVG has been put to use by delaying the onset of maturation 
(e.g., by delaying the harvesting of apples) (Child et al., 1984). 

In the final stage, the ethylene-forming enzyme (EFE) in the presence 
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Figure 2.8. SAM to ACC (1-aminocyclopropane-l-carboxylic acid) synthesis by S- 
adenosyl-L-methyl thioadenosine lyase. (From: La conserve appertisee: aspects 
scientifiques, techniques et economiqties by Larousse, Copyright 1991 by Technique et 
Documentation - Lavoisier, Paris. Used with permission.) 
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of oxygen catalyzes the conversion of ACC to ethylene. Despite a great 
number of studies, this enzyme has not been isolated, as it is probably 
destroyed during the homogenization phase of extraction and isolation 
procedures. The fragility of EFE is certainly due to the necessity of keeping 
the cellular membrane intact for the expression of its activity. The 
preparations of the enzyme, in vitro, require Mn 2+ and pyridoxal phosphate. 
Hydroperoxides and oxygenated water stimulate activity. 

As ethylene induces maturation, it can be said that it is responsible for 
the agreeable fruit odors and colors. Different substances or certain 
treatments can stimulate or inhibit the synthesis of ethylene or oppose its 
physiological activity. Lack of oxygen, wounds, or stress activate the 
transformation of SAM into ACC, whereas amino-ethoxyvinylglycine (AVG) 
and amino-oxyacetic acid (AOA) have the opposite effect. Anoxia and 
cobalt salts prevent the production of ethylene from ACC. The action of 
ethylene is strongly inhibited by silver ions (generally in the form of silver 
thiosulfate) and 2,5-norbornadiene (a very volatile compound). Anoxia has 
a particular effect that merits special mention as it stimulates ACC synthesis 
but inhibits its transformation to ethylene. This produces an accumulation 
of ACC that results in an increased production of ethylene when the oxygen 
supply is resumed. However, the excess ACC can also be converted to 
conjugated ACC, which is no longer a source of ethylene. In certain cases 
(e.g., climacteric fruits) traces of ethylene autocatalytically stimulates further 
synthesis; however, the mechanism has not been elucidated to date. This 
autocatalytic synthesis of ethylene can be inhibited by elevated 
concentrations of carbon dioxide. 

All living vegetable organs are capable of producing ethylene to various 
degrees, sometimes in very low quantities but sufficiently to have spectacular 
physiological effects. After harvest, this gas always has some adverse 
consequences, such as decreasing product survival by accelerating 
senescence, initiating and stimulating fruit maturation, disrupting growth, 
and provoking specific alterations (e.g., reddish coloration of lettuce, 
bitterness in carrots). Certain organisms, while they synthesize none or very 
little ethylene, can be very responsive if it is present in the atmosphere, or 
it is only produced when they have been stressed (e.g., wounds or 
dehydration). 

2.4.3 Oxidation of Phenolic Compounds 

Vegetable cells often contain an abundance of phenol compounds that are 
easily oxidized in the presence of oxygen by the action of enzymes of which 
the principals are the polyphenoloxidases (PPO). Intermediary compounds 
(quinones) are produced that can then be oxidized nonenzymatically by 
ambient oxygen. In this oxidation the quinones polymerize, carbon dioxide 
results from the decarboxylation, and complex brown-colored compounds are 
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produced. These are responsible for the superficial or internal browning 
that occurs under various circumstances. 

Vegetable organs brown only when their tissues are wounded or if their 
function is severely disrupted. In sound cells, the phenols are contained in 
the vacuoles and separated from the polyphenoloxidases in the cytoplasm. 
The integrity of vacuolar membrane prevents any contact between the 
enzymes and their substrate and the oxidation is prevented. On the other 
hand, when the cells are wounded, such as with a cut, bruised, subject to 
parasitic attack, or even when they are killed in some fashion or other, the 
vacuolar membrane is disrupted and the polyphenoloxidases contact the 
phenols. Oxygen must be available for the reaction to take place (which is 
the case when the organs are exposed to air) and the browning occurs. In 
addition, any cellular disfunction (except mechanical wounding) that leads 
to a modification of the membrane permeability risks causing the same result 
and is observed to occur in certain physiological diseases. 

2.4.4 Lipid Metabolism 

Lipoxygenase (LOX and other enzymes) catalyzes the oxidation of the 
polyunsaturated fatty acids (e.g., linoleic, linolenic, arachidonic acids, etc.) 
to hydroperoxides. In Fig. 2.9, the mechanisms for the formation of the 
hydroperoxides from linoleic acid are given. The position of the double 
bonds in the fatty acid chain are designated by carbon atoms involved. The 
carbon atoms in the chain are numbered starting from the carboxyl (COOH) 
group. For linoleic acid the double bonds are located at positions 9:10 and 
12:13 from which two hydroperoxides can be obtained. The formation of 
one or the other of these hydroperoxides depends upon the experimental 
conditions and the LOX isoenzyme type (Nicolas and Drapron, 1981). 

LOX is a nonhemic protein that contains iron, whose activity is followed 
by measuring the conjugated double bonds formed in the product 
(absorption at 234 nm), the hydroperoxides by colorimetry, or the uptake of 
oxygen by polarography (Nicolas and Drapron, 1981). Its presence is not 
limited to legumous seeds and cereals, as was believed for a long time. It 
is found in a variety of vegetable organs. However, the exact location in the 
cell has not been established with any certainty, although there is reason to 
believe that the site is in the chloroplasts and/or mitochondria. 
Anaerobically, LOX catalyzes a reaction with linoleic acid at the 12:13 
double bond to give a mixture of oxodienoic acid, pentane, and dimers of 
linoleic acid. Also, co-oxidation reactions accompany the principal LOX 
reaction (e.g., between the carotenoid pigments and the 12:13 position to 
produce carbonyl compounds). Finally, the hydroperoxides formed by LOX 
can undergo a number of secondary enzyme catalyzed reactions (e.g., 
reduction, isomerization, epoxidation, esterification, and cleavage). 

A lipoperoxidase is implicated in the reduction and a hydroperoxide 
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Figure 2.9. Formation of a hydroperoxide by lipoxygenase. (From: La Conserve 

appertisee: aspects scientifiques, techniques et economiques by Larousse, 
Copyright 1991 by Technique et Documentation - Lavoisier, Paris. 
Used with permission.) 

isomerase in the isomerization (Kermasha and Metche, 1987). Numerous 
enzymes intervene in the cleavage and, from its products, in the reactions 
that lead to the formation of the volatile carbonyl compounds (e.g., hexanal, 
hexenal, and pentanal). These compounds are responsible for the 
appearance of agreeable flavors of fresh fruits and vegetables, as well as for 
those disagreeable and undesirable flavors that appear during their storage 
and transformation. 

These reactions even occur under refrigeration. While blanching prior 
to storage is one solution to the reaction problem, it should be noted that 
the LOX isoenzymes exhibit various thermostabilities. Thus, depending 
upon the time/temperature agenda, complete inactivation of these 
isoenzymes during blanching may or may not be attained. Oxygenated 
water, antioxidant phenolic compounds (e.g., nordihydroguaiaretic acid, 
derivatives of hydroquinone), and epicatechine (e.g., in the avocado) are 
among the inhibitors of the LOX. 
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Figure 2.10 The depolymerization of polygalacturonic acid (PG) by pectic lyase 
(PL). (From: La Conserve appertisee: aspects scientifiques, techniques et economiques 
by Larousse, Copyright 1991 by Technique et Documentation - Lavoisier, Paris. 
Used with permission.) 

2.4.5 The Lyases 

Pectic lyase (EC 4.2.2.2) or poly (1,4-a-D-galacturonide) lyase depolymerizes 
polygalacturonic acid as shown in Figure 2.10. While it is found in the 
commercial proteolytic enzyme preparations of fungal origin, to date it has 
not been found in vegetables. 

Phenyl alanine ammonium lyase (PAL) (EC 4.3.1.5) catalyzes the 
reaction which converts L-phenylalanine to a trans cinnamate, with 
ammonia (NH 3 ) as a by-product. It has been shown to be involved in the 
biosynthesis of phenylpropanic compounds from phenylalanine. The activity 
increases in response to various stimuli (e.g., wounds [especially harvest], 
light, ethylene),then decreases. The existence of a system for the 
inactivation of PAL has been shown for apples, potatos, and cauliflower 
(Chen et al., 1988). 

2.4.6 Peroxidases 

As the name implies, peroxidases catalyze oxidation reactions using hydrogen 
peroxide. They are glycosylated hemoproteins. In vegetables, a number 
(e.g., a dozen) of isoenzymes of peroxidase with a molecular weight of 
around 40 kDa and with different charges (e.g., anionic, moderately anionic, 
and cationic) have been found in the vacuoles and the cell walls. Some (e.g., 
cationic) are implicated in the defense mechanisms of the plant, in the 
lignification and the bridging between the extensine monomers, and in the 
feruloylic polysaccharides. Like the polyphenoloxidases, the peroxidases are 
involved in enzymatic browning. For canned products, it would be prudent 
to measure their activity before and after blanching, because some of their 
isoenzymes are thermostable to ensure that they have been denatured and 
that browing will not occur prior to the canning operation. 

2.5 MATURATION 

The distinction between maturation and senescence has never been clearly 
established. Watada et al. (1984) defined maturation as the collection of 
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processes that follow the growth and development stage up to the first stages 
of senescence and produces the desired aesthetic and food quality 
characteristics (e.g., color, texture, or flavor). Senescence is defined as the 
processes that follows maturity that ultimately leads to death. 

Climacteric fruits are characterized by the production of ethylene at the 
onset of maturation, which, in turn, accelerates maturation. After the initial 
production of ethylene it becomes autocatalytic (i.e., low concentrations of 
the gas catalyze its formation). The climacteric phase is also characterized 
by an increased respiration. The ethylene biosynthesis is reviewed in Section 

2.4.3. 

Most fruits become softer during maturation. This is generally linked 
to an increase in the concentration of soluble pectins that causes a decrease 
in the cell wall rigidity. A correlation between the endopolygalacturonase 
(PG) activity, the increase in the uronic acid concentration, and the rapidity 
of softening has been observed along with a decrease in the galactose and 
arabinose components of the cell wall. The key role of PG in the softening 
of the tomato is corroborated by the study of mutants. For example, the 
"never ripe” mutant has little PG and softens slowly, compared with normal 
fruit. It has been seen that the action of the PME precedes that of PG and 
that cellulase releases the cellulose network. The role of calcium must also 
be noted. At high concentrations it inhibits the maturation and leads to firm 
fruit. The potential activities of PG and PME are important but in 
comparison the in vivo hydrolysis of the walls is limited with calcium acting 
as its inhibitor. Other glycosidases are found in the wall, and some of them 
(e.g., xylanase of papaya) increase during maturation and could play a role 
in the softening. 

2.5.1 Ezymes and Maturation 

2.5.1.1 The Hydrolases 

The hydrolases play a key role in the alteration of the texture during 
maturation. Those that hydrolyze glycosidic compounds (glycosidases) and 
act on the ester linkages (esterases) as well as on the peptic linkages 
(proteases) are of particular interest. During maturation the glycosidases 
hydrolyze the O-glycosyl compounds. 

2.5.1.1.1 Wall Hydrolases 

Polygalacturonase (PG) hydrolyzes the a-1,4 linkages of polygalacturonic 
acid (poly 1,4-a, D-galacturonide glycanohydrolase). Activity is measured by 
the quantity of the reducing end groups produced. An endoPG (EC 
3.2.1.15) that randomly hydrolyzes the internal linkages of the molecule (Fig. 
2.11) and an expoPG (EC 3.2.1.67) that specifically hydrolyzes the chain 
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from the nonreducing end have been identified. Pressey (1987) purified this 
enzyme from tomato (e.g., relative molecular weight, M = 47,000; requires 
calcium for its activity). It is found in other fruits (e.g., peach, pear, or 

apple). 

The PG is located in the cell wall and the middle membrane of fruit. 
A slight level of the expoPG exists in unripe tomato, whereas no activity of 
endoPGase has been detected. In the ripe tomato, the endoPGase activity 
is considerable, while that of the exoPGase remains low. Most authors have 
described two major forms of the endoPG, PGI and PGII, in ripe tomatoes. 
PGI starts to increase with maturation, then diminishes with the appearance 
of PGII. Crookes and Grierson (1983) suggest that PGI and PGII are 
responsible for the hydrolysis of the middle membrane and of the primary 
cell wall, respectively. The relation between these two isoenzymes is 
explained by the existence of a thermostable protein that converts PGII from 
PGI (Pressey, 1984: PGI = PGII 4* 1 converter with an M = 102,000). PGI 
is probably an artefact in that it appears during tissue extraction and is not 
an endogenous constituent (Pressey, 1988). Only PGII will be present in 
tomatoes during maturation. 

This result explains, all or at least in part, the discordant results found 
in the literature with respect to the number of isoenzymes of PG and of 
their respective molecular weight, two to three enzymes with an M of 
40-200,000 (Moshrefi and Luh, 1983). According to Pressy (1984) ^the 
isoenzyme of 200 kDa is actually the converter associated with PGII. This 
can also explain why PGI is more thermostable than PGII, with its 
thermostability being conferred by the converter. In fact, PG is not 
thermostable. The pH optimum of PGII, the true PG, is between 4 and 4.5. 
It is a glycoprotein (e.g., L-fucose, D-x ylose, D— mannose, or 
N-acetylglucosamine) (Moshrefi et al., 1983). 

While the role of PG in the starting of maturation is controversial, as its 
activity can only be detected 20 hours after the start of the liberation of 
ethylene, it is essential in the maturation process. It appears that it is the 
principal enzyme that is implicated in the softening of fruit by the hydrolysis 



Figure 2.11. Hydrolysis of polygalacturonic acid (PG). The COOH groups are often 

methylated and their distribution in the chain is ignored. The 
endopolygalacturonase requires a free COOH in order to act. (From: 
La Conserve appertisee: aspects scientifiques, techniques et economiques 
by Larousse, Copyright 1991 by Technique et Documentation - 
Lavoisier, Paris. Used with permission.) 
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of cell wall pectins. The activity of PG increases considerably during 
maturation. This increase is linked to a de novo synthesis of the enzyme. 
The level of messenger RNA for the PG increases 2,000 times during the 
fruit maturation phase. The PG is synthesized by the nuclear genome in the 
form of a precursor. The process of the maturation of this enzyme is 
summarized in Fig. 2.12. Baldwin and Pressey (1988) showed that PG 
initiates the production of ethylene in the tomato. PG is inhibited by 
calcium; however, this can be lifted by the usual chelating agents for this 
cation (Brady et al., 1985). The digestion of the walls during maturation 
requires a reduction of their calcium concentration. 

Although not belonging to the vegetable world per se, the microbial PG 
plays a very important role in fruit spoilage and in clarification of fruit 
juices. Rhizopus stolonifer is a causative agent in postharvest peach spoilage 
(Hornewer et al., 1987). The endoPG of Kluyveromyces fragilis is used for 
the clarification of apple juice, and its efficacy is comparable to that of a 
commercial pectinase (Gomez-Ruiz et al., 1988). 

Softening sometimes occurs in canned fruit (e.g., tomatoes or apricot 
sections). This undesirable effect is certainly due to the hydrolysis of the cell 
walls during product storage. It is difficult, however, to attribute this to the 
PG endogene, or to a PG of a microbial contaminant, because the isolated 
PG is not thermostable. It is not known, however, whether this would be so 
in vivo in association with the converter. Therefore, it is important that 
particular attention be paid to any cooking procedure. To be safe, it maybe 
desirable to determine the PG activity before and after cooking. An 
excellent fruit quality is certainly indispensable in the canned product. 

The glucanases of interest are the endo l,3-/3-glucanases [the 
l,3(l,3:l,4)-/3-D-glucane 3 (4) glucanohydrolase, EC. 3.2.1.6 and 

l,3-/3-D-glucane glucanohydrolase, EC.3.2.1.39]. The first hydrolyzes the 
internal 1,3-/? and l,4-/3 glucosidic linkages. The second is more specific and 
only hydrolyzes l,3-/3 glycosidic linkages. Their activity can be followed by 
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Figure 2.13. Maturation of avocado cellulase. (From: La Conserve appertisee: aspects 

scientifiques, techniques et economiques by Larousse, Copyright 1991 by 
Technique et Documentation - Lavoisier, Paris. Used with permission.) 

the levels of the reducing end groups that appear and by the viscosity. 
Glucanase activity has been detected in many fruits and legumes (Hinton 
and Pressey, 1980; Vogeli et al., 1988). Peach glucanase exists in two 
different molecular forms (M of 104,000 and of 19,000, optimum pH 
between 4.5 and 5). The l,5-/3-glucanase of green bean leaves has a 
molecular weight of 36,000 and is synthesized in a precursor form with a 
molecular weight of 40,000 and a pH of 9.7. The glucanases do not play a 
role in fruit maturation; however, they are involved in cellular elongation 
and with chitinase in the plant defense mechanisms against fungi (Boiler, 
1985; Schlumbaum et al., 1986). 

Cellulase [1,4-(1,3; l,4)-/3-D-glucane 4-glucanohydrolase (endo-l,4-/3- 
glucanase)] hydrolyzes the 1,4—/3-glucosidic linkages in cellulose, lichenin, 
and the /3-D-glucanes of the cereals as well as the 1,4 linkages in the 
glucanes containing the 1,3 (EC 3.2.1.4) linkages. The activity of cellulase 
can be followed by the level of reducing end groups that appear upon the 
hydrolysis of the j8-l,4 linkages of a substrate like carboxymethyl cellulose 
(CMC) or by the reduction in the viscosity of its aqueous suspensions. 

A strong cullulase activity has been reported for a number of ripe fruits 
(e.g., avocado, raspberry, mango, tomato, and pear). Hatfield and Nevins 
(1986) described two cellulase isoenzymes that differ with respect to their 
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charge. It is a glycoprotein with two glycosylation sites. Figure 2.13 
summarizes the process for the maturation of this enzyme (Bennett and 
Christofferson, 1986). The glycosylation and the postranslational 
modifications could play a role in the progression of the protein toward its 
cellular compartment (i.e., the cell wall). Tucker et al. (1987) cloned the 
enzyme and determined the nucleic sequence of c-DNA. It corresponds to 
a protein with a molecular weight of 54,100, which is in accord with the work 
of Bennett and Christofferson (1986). The isoenzymes described by certain 
authors could correspond to some cellulases that are more or less 
glycosylated and fixed on the membranes of the Golgi apparatus and of the 
endoplasmic reticulum. 

The cellulase is strongly induced during maturation of the avocado. The 
increase in the quantity of the enzyme is linked to an increment of 
messenger RNA that corresponds to the onset of maturation. It is supposed 
that this hydrolytic activity plays a role in the modification of the cell wall 
that leads to a softening of the fruit; however, the exact role of the cellulase 
in maturation of fruit is not clear. The enzyme of avocado does not 
solubilize the crystalline cellulose or the cellular polymers contained in the 
cell walls. The role of cellulase could be to loosen the parietal matrix rather 
than solubilize it (Hatfield and Nevins, 1986). The loosening can be 
important for the rapid solubilization of other polysaccharides. While a 
number of other glycosidases have been found in association with vegetable 
cell walls and, in some cases, isolated and purified, their role in maturation 
remains a mystery. 

Other hydrolases have been found to be involved. There is methyl 
pectin esterase (MPE), which demethylates the residues of methyl 
galacturonic acid in position 6 (EC. 3.1.1.11; pectin pectylhydrolase). PG 
cannot hydrolyze the methyl polygalacturonates; hence, the importance of 
MPE. Its action precedes that of PG in the maturation. It has been 
purified up to electrophoretic homogeneity by Moustacas et al. (1986) from 
soya cell walls. It has an M close to 33,000, an optimum pH around 8, and 
a sedimentation constant of 3S. It is not a glycoprotein. The MPE activity 
is followed by measuring the hydrolysis of /?-nitrophenyl acetate, or by 
titration at the pH-stat of the carboxylic groups formed from a commercial 
pectin. Moustacas et al. (1986) estimate that this enzyme plays a vital role 
in cellular enlargement. 

A number of isoenzymes of MPE have been found and characterized 
from tomato, banana, orange, and plum (Goldberg, 1984). In the tomato, 
for example, eight enzymes have been described, whose molecular weight is 
in the domain of 27,000 ± 5,000, with two —PEI and PEII— predominating. 
PEI decreases slightly and PEII accumulates during maturation. Both are 
capable of increasing the solubilization of the polyuronides by PG in vitro 
(Seymour et al., 1987). 

MPE is extracted along with orange juice. It de-esterifies the pectin, 
producing a pectin with a low level of methoxy groups, and a decrease in the 
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juice turbidity follows. The turbidity, however, is a desirable characteristic 
of orange juice, and as the MPE is relatively thermostable, the juice must be 
pasteurized (90 C for 1 min) in order to inactivate the enzyme. This causes 
undesirable flavor changes, however, and some nonenzymatic browning that 
alters the juice quality. An alternative to pasteurization is to inactivate the 
MPE by lowering the pH from 4 to about 2 and no heat. However, a 
decrease in the ascorbic acid is also noted (Owusu-Yaw et al., 1988). 
Finally, von Mollendorff and de Villiers (1988) showed that the PG and, to 
a lesser degree, the MPE are linked to the appearance of mealy substances 
in peaches. 

The best known vegetable nonparietal hydrolase is papain, a protease 
extracted from the fruit of Caricapapaya. Two other proteases are abundant 
(e.g., ficine in fig and bromelain in pineapple). Papain is a monomeric 
protein that contains 211 amino acids (molecular weight = 23,000). Papain 
and ficine are proteases with cysteine, as its sulfide group intervenes in the 
catalysis by forming a thio-acyl intermediate with the protein (Protein-R- 
CO-S-Enzyme). The two enzymes possess an imidazole group with a 
histidine residue close to that of the essential cysteine. An important role 
is attributed to this histidine in the catalysis. The role of these proteases in 
vegetables has not been elucidated. Papain is used commercially in a 
variety of products, especially in breweries. 

An a-amylase (EC 3.2.1, 1,4-a-D-glucane glucanohydrolase) randomly 
hydrolyzes the 1,4-a linkages of the 1,4-a-D-glucose polymer. With amylose, 
a mixture of glucose and maltose results, as it cannot hydrolyze the 1,4-a 
linkage of maltose. With amylopectin, it produces glucose, maltose, and 
some limit dextrins. A /?-amylase (EC 3.2.1.2., l,4-a-Z)-glucane 
maltohydrolase) hydrolyzes the 1,4-a-glucosidic linkages from the non¬ 
reducing ends liberating maltose. Only maltose results with amylose, and 
with amylopectin it is a mixture of maltose and dextrins. Glucoamylase (EC 
3.2.1.3., 1,4a-D-glucane glucohydrolase) hydrolyzes the 1,4-a-glucosidic 
linkages from the nonreducing ends by liberating glucose. Pullulanase (EC 
3.2.1.41 pullulane 6-glucanohydolase) hydrolyzes the 1,6-a-glucosidiclinkages 
and cleaves the lateral chains linked by the 1,6-a linkages to the main chain 
of amylopectin. 

The principal amylases are found in germinating cereal grains, but they 
are also present in other vegetable organs, particularly fruit leaves. An 

a-amylase, which is purified from sweet pea leaves (Ziegler, 1988), is a 
protein with a molecular weight of 45 kDa. Like many of the amylases, it 
is relatively thermostable and increases in the presence of calcium. An 
important part of its activity is located in the chloroplasts. The banana 
provides a good example for the presence of amylases in fruit (Garcia and 
Lajolo, 1988) because the starch levels decrease during maturation and 3 a- 
amylases, 4 /2-amylases, and a pullulanase can be detected. However, the 
possibility of phosphorylase intervention cannot be excluded. 
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2.5.2 Fruit Maturation 

Maturation, the most remarkable phenomenon in the life of fruit, is 
characterized by color changes (i.e., chlorophyl depletion), acquisition of 
agreeable flavors, development of characteristic odors, and modification of 
the texture accompanied by a loss of firmness. These are the result of 
biochemical transformations that most often take place simultaneously. 

2.5.2.1 Evolution of the Principal Constituents 

Maturation is marked by a degradation of the chlorophyll, which unmasks 
the yellow color of the xanthophylls and the red of the carotenes. The 
synthesis of the carotenoides can also accompany the disappearance of 
chlorophyll. Certain ripe fruits are colored by anthocyanins, whose color 
varies from red to blue, and is located in the vacuoles. The degradation of 
the chlorophyll also permits the appearance of these pigments (Goldschmidt, 

1980). 

The alterations to the glucidic reserves and the subsequent increased 
sweetness are among the most important maturation phenomena. During 
ripening, fruits generally become sweeter as starch is broken down to soluble 
sugars, sucrose, glucose, fructose, and so on. In addition to the 
accumulation of starch during their growth, fruits become enriched with 
organic acids. This is why they have an acidic taste when they are immature. 
During maturation, the organic acids are utilized in the respiratory 
metabolism or transformed into sugars to supplement further the sweetness. 
There is an increase in the sugars and a decrease in the acids that gives to 
the mature fruit a more agreeable taste. In fact, this taste is the result of an 
appropriate equilibrium between the two constituent categories. 

The pectic compounds, formed from long chains of galacturonic acid, 
assure the continuous linkage between the cell walls. They are progressively 
hydrolyzed (i.e., softened) during maturation, becoming more and more 
jellylike. The cells eventually become separated from one an other, and the 
fruit becomes juicy and sticky. Fruits emit a mixture of very complex volatile 
organic compounds that make up the aroma. Their biosynthesis is modified 
during maturation, with the ripe fruit taking on its characteristic odor. 

2.5.2.2 Respiration and Maturation 

A respiratory crisis, called climacteric crisis , occurs in some fruit during 
maturation (Rhodes, 1980). Thus there are two types of fruit: the 
climacteric, in which the respiratory crisis occurs, and the nonclimacteric, in 
which it does not. 

Figure 2.14 schematically illustrates how the respiration rate evolves in 
a climacteric fruit. It decreases to a minimum (i.e., climacteric minimum) 



FRUIT AND VEGETABLES 


71 


by the end of the growth phase, increases during maturation (i.e., climacteric 
crisis) to a maximum by the end of this phase (i.e., climacteric maximum), 
and then falls off during senescence. It is during the climacteric crisis, whose 
origin is not well known, that the different biochemical evolutions 
characteristic of maturation occur. 

The climacteric fruits (e.g., apples, pears, bananas, etc.) have the 
property of being able to ripen after they have been picked. When they are 
harvested too soon (i.e., before the minimum climacteric), their maturation 
is often difficult and incomplete. If they are picked too late (i.e., after the 
minimum climacteric), then their maturation is already ongoing and their 
survival time is reduced. The development status at the time of harvest is 
very important for refrigerated storage. 

Nonclimacteric fruit (e.g., cherries, grapes, citrus, etc.) mature without 
having a respiratory crisis, and, without special treatment, they do not 
mature after being picked. Thus they should be picked ripe, a condition that 
frequently renders their preservation difficult. 

2.S.2.3 Role of Ethylene 

Ethylene plays a very important role in maturation (Yang, 1975; Lieberman, 
1979). For climacteric fruits, the respiratory crisis is associated with an 
increased emission of ethylene. When present in the atmosphere, even 
invery minute amounts, it accelerates climacteric fruit maturation and 
initiates it for the nonclimacteric. It is always a problem in conservation, 
and many efforts have been made to eliminate it or limit its action. 



Figure 2.14. Changes in climacteric fruit respiration. I, growth; II, maturation 

(climacteric crisis); III, senescence; m , minimum climacteric, Af, 
maximum climacteric. (From: La Conserve appertisee: aspects 
scientifiques, techniques et economiques by Larousse, Copyright 1991 by 
Technique et Documentation - Lavoisier, Paris. Used with permission.) 
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2.6 GROWTH AND GERMINATION 

The buds of the bulbs and tubers are capable of growth after harvest, and 
seeds will germinate if they have access to sufficient water. These organs 
pose some very specific conservation problems. 

2.6.1 The Bulb and Tuber Situation 

At the time of their harvest, the buds of bulbs (e.g., onions, garlic, etc.) and 
of tubers (e.g., potatoes, yams, etc.) are dormant (i.e., not capable of 
growing). This dormant state is transitory and gradually disappears after 
harvest. The duration of the dormancy varies with the species, the cultivar, 
and environmental conditions. Low temperatures most often reduces the 
duration of the dormancy. Dormancy ends when bud growth begins. It is 
difficult to prevent this growth other than by chemical treatment (e.g., 
hydrazide, malic, or esters of naphthalene acetic acid) or by irradiation. 

2.6.2 The Seed Situation 

Seeds are destined to germinate. The biological processes involved in the 
germination are extremely complex (Come, 1982). However, to start 
germination there must be an uptake of sufficient moisture. Therefore, to 
preserve seeds to be used for food, they must be stored in an atmosphere as 
dry as possible. Maintaining seeds in a dry atmosphere has the added 
advantage that it prevents mould growth. The battle against insects or their 
larva, which can cause considerable damage, is more difficult and requires 
the use of appropriate chemical treatments as well as hygienic and pest 
control measures in the use and fabrication of storage areas. In some cases, 
practically inert atmospheres (i.e., less than 1% oxygen) can be very useful. 

2.7 SENESCENCE IN HARVESTED ORGANS 

The visible signs of senescence in vegetable organs are wilting, color changes, 
softening, tissue degeneration, and the like. Despite the abundant research 
devoted to this phenomenon, the mechanisms, for the most part, remain 
unexplained. 

2.7.1 Causes of senescence 

What induces an organ to senesce while remaining attached to the plant is 
not completely understood. However, for the harvested organ, there are 
artificial factors in addition to the natural causes that are linked to the 
separation from the plant and any subsequent storage conditions. 
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2.7.1.1 Hydration Deficit 

Loss of water by transpiration leads to a hydration deficit in the organs. 
This can be rapid in products with high moisture levels and large surface 
areas combined with poor protection against water loss. Leafy vegetables 
are particularly prone to this problem. The dehydration deficit results in 
wilting, degradation of the chlorophyll pigments, various metabolic problems, 
augmented synthesis of ethylene, and so on. The massive organs whose 
surface is less permeable to water vapor (e.g., numerous fruits, bulbs, tubers) 
dehydrate less rapidly and enter more slowly into senescence. 

2.7.1.2 Utilization of Nutritional Reserves 

When nutritional reserves are low, as is the case with most leafy vegetables, 
the organism will utilize them rapidly to support its metabolism (particularly 
respiration). When the reserves are depleted, the structural and integral 
components will be attacked, and the product will not survive for long. 

2.7.1.3 Metabolic Imbalance 

After their harvest, the organs are no longer nourished by the plant and run 
the risk of the degradations taking over the synthesis, resulting in a 
metabolic imbalance that is always very injurious to survival. These 
problems are accompanied by a loss of the structural integrity and cellular 
function. The properties of the membranes and the cellular organization are 
altered, and senescence is accelerated. 

2.7.1.4 Ethylene Production 

The disturbances to which the organs are subjected, their separation from 
the plant, and stress often lead to an increased production of ethylene. 
Ethylene is an important factor in senescence. 

2.7.2 Mechanisms of Senescence 

Senescence is attributed to different cellular events and the intervention of 
certain growth regulators (Nooden, 1980). 

2.7.2.1 Loss of Membrane Integrity 

This is a precocious characteristic of senescence that can be evaluated 
electrolytically if the cells are allowed to diffuse in an aqueous medium. In 
particular, the loss of potassium ions reveals a disturbance of the 
permeability of the cellular membranes and a disorganization whose effects 
are always injurious. 
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These are associated with the loss of cellular membrane integrity and can 
lead to an accumulation of free radicals that result from their increased 
production and/or their decreased destruction. This is an important factor 
in senescence. The free radicals are derived from peroxidation and have 
serious cellular consequences that lead to the synthesis of ethylene. 

Senescence is often accompanied by respiratory problems, which is, 
without doubt, because the mitochondria are affected. In particular, the 
energy metabolism deviates toward the fermentation pathway, which results 
in the production of toxic compounds. 

2 . 72.3 Hormonal Deregulation 

The intervention of growth regulators (e.g., auxine, cytokinines, gibberellines, 
abscissic acid, ethylene) is not clear, although an exogenous contribution of 
these substances had an effect on senescence. Ethylene certainly plays a 
very important role; however, it may not be the initiator. Its increased 
biosynthesis is certainly the result of other processes, particularly those that 
affect the cellular membranes. 


2.8 PRINCIPAL FACTORS IN THE SURVIVAL OF VEGETABLE 
PRODUCTS 

Apart from the biological characteristics inherent to each organism, 
temperature, the atmosphere composition, and humidity are principal factors 
in the survival of vegetable products. 

2.8.1 Temperature 

For many years moderate chilling (i.e., temperatures above freezing) has 
been used to keep products fresh. Much research has been devoted to this 
subject (Ulrich, 1954; Padfield, 1969; Pantastico, 1975). Specific applications 
for the refrigerated preservation of a number of products can be found in 
a brochure published by the International Refrigeration Institute in 1979. 
Some of the essential facts will be briefly reviewed. 

2.8.1.1. Cellular Effects of Chilling 

As the temperature decreases there is a progressive and general 
solidification of the lipid membranes and a redistribution of the integrated 
proteins (Mazliak, 1990) that alters membrane permeability and, in certain 
cases, leads to serious disturbances in the cellular functions and enzyme 
activity (Lance and Moreaau, 1990). Enzyme activity decreases as the 



FRUIT AND VEGETABLES 


75 


temperature is lowered in accordance with the Q 10 rule (i.e., the Q 10 is the 
enzymatic activity at a temperature of T - 10°C divided by the enzymatic 
temperature T). However, not all activity is reduced to the same degree 
because the Q 10 can vary from one enzyme to another having the same 
thermal optimum. The metabolism can be different under refrigeration as 
compared with that at ambient temperatures. A simplified illustration of 
this for two enzymes with the same thermal optimum is given in Figure 2.15. 
At temperature Tj (e.g., 20°C), enzyme Ej is more active than E 2 . It is the 
reverse at a lower temperature (e.g., 5°C). The modifications of the cellular 
organization and metabolism that result from the chilling can cause 
disturbances that result in visible disorders (i.e., chill defects). As the 
temperature is lowered, the cellular oxygen solubility increases, and any 
oxygen excess can cause injurious oxidations. 

2,8.1.2 General Effects of Chilling on Vegetable Organs 

Lowering the temperature essentially reduces the overall metabolic activity 
of the organs. For example, in the normal temperature range the Q 10 for 
respiration is close to 2, whereas it tends to increase at temperatures below 
10°C, attaining values from 5 to 7 as the temperature drops toward 0°C. 

Chilling results in decreased utilization of the organism’s nutrient 
reserves and heat production, while increasing product longevity, retarding 
senescence, slowing down fruit maturation, and limiting growth of buds of 



Figure 2.15. Influence of temperature on the activity of two enzymes (Ej and E 2 ) 

having the same optimal temperature (T); T l , ordinary temperature; 
low temperature. (From; La Conserve appertisee: aspects scientifiques, 
techniques et economiques by Larousse, Copyright 1991 by Technique et 
Documentation - Lavoisier, Paris. Used with permission.) 
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Figure 2.16. Influence of temperature on product storage life. This theoretical curve 

is only applicable to products that are not cold sensitive. (From: La 
Conserve appertisee: aspects scientifiques, techniques et economiques by 
Larousse, Copyright 1991 by Technique et Documentation - Lavoisier, 
Paris. Used with permission.) 

tubers and bulbs. Slight temperature fluctuations will have a maximum 
influence at chill temperatures as the Q 10 is higher. The result is that the 
theoretical conservation time increases considerably with the lowering of the 
temperature (Fig. 2.16). However, certain products cannot support an 
intense refrigeration because of the appearance of adverse chill effects. 

2.8.1.3 Chill Defects 

It is not always possible to maximize the benefits of chilling because too-low 
temperatures, although above the freezing point, can cause adverse effects 
that vary from one product to another. Tropical, subtropical, and some 
Mediterranean species are prone to such defects, as are some from 
temperate climates. Depending upon the individual case, the thermal 
threshold below which the defects occur varies between 4°C and 14°C (Fig. 
2.17). 

While the effects are diverse (Table 2.3), the symptoms can be generally 
classified as disorders of a qualitative nature as a result of a simple 
disruption of development or metabolism (e.g., incomplete maturation of 
tomatoes, sugaring of potatoes) or true disorders that are seen as small 
depressions in the skin (pitting) or by internal or superficial browning due 
to phenol oxidation. The gravity of the disorders for any specific product 
depends upon the temperature applied and the duration of the exposure; 
however,heating after refrigerated storage always accelerates the develop- 


FRUIT AND VEGETABLES 


77 


A 


-14 


§ 

IAJ 

o 

2 

Li. 

UJ 

a 












CITRONS (GREEN) 


BANANAS, MANGOES. 
CUCUMBER, TOMATOES (GREEN) 


MELONS 


AVOCADO, PEPPERS 


'APAYA, EGGPLANT 


POTATOES 


APPLES (CV EUROPEAN) 


FREEZING POINT 


Figure 2.17. Some examples of temperature limits below which cold defects appear. 

For the same species, these can vary more or less according to the 
variety and the physiological state. (From: La Conserve appertisee: 
aspects scientifiques, techniques et economiques by Larousse, Copyright 
1991 by Technique et Documentation - Lavoisier, Paris. Used with 
permission.) 


ment of the symptoms. The chill disorders also increase the risk of spoilage, 
a result of tissue death and the leakage of metabolites. 

The mechanisms and kinetics of the development of the disorders due 
to the chilling are still not well understood (Lyons et al., 1979; Levitt, 1980; 
Graham and Patterson, 1982; Marcellin, 1990), but three stages can be 
distinguished. First, there is the thermal, which is manifested at the cellular 
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Table 23. Some Examples of the Symptoms of Chill Disorders in Fruit 


Product 

Most frequent symptoms 

Pineapple 

Pulp browning or darkening 

Asparagus 

Color change and point softening 

Eggplant 

Skin browning, seed blackening 

Avocado 

Pitting, pulp and vascular fascia 
browning 

Banana 

Skin browning 

Lemon 

Rind pitting, membrane coloration, red 
spots 

Cucumber 

Pitting, tissue hydration 

Green beans 

Pitting, reddening 

Lime 

Pitting 

Mango 

Skin darkening, brown spots, 
maturation 

Melon 

Pitting, defective maturity, 
flavor alteration 

Olive (fresh) 

Flesh browning 

Orange 

Pitting, superficial browning 

Papaya 

Pitting, defective maturity, 
flavor changes 

Sweet potato 

Pitting, flesh color changes 

Pear (soft) 

Pitting, seed browning 

Grapefruit 

Pitting, skin browning, 
watery decomposition 

Potato 

Sugary flavor 

Immature tomato 

Defective maturity 

Ripe tomato 

Softening and tissue hydration 


Source: from Marcel in, 1990. 


level that results in a somewhat instantaneous deterioration of the 
membrane properties by a diminution of the fluidity of the lipids. Then 
there is a latent period during which no observable symptoms appear and 
whose duration varies considerably according to the species and the organ. 
It is reversible as heating during this phase reestablishes normal metabolism. 
This aspect can be beneficial in the preservation by the refrigeration and 
intermittent heating method (Marcellin and Ulrich, 1983). Finally, there is 
the irreversible symptom development stage in which the damage has 
become irreversible and is accelerated by heating. 

2.8.2 Composition of the Atmosphere 

The survival of refrigerated vegetable products can be greatly enhanced by 
the application of atmospheres in which the oxygen content is appropriately 
reduced and/or the carbon dioxide increased (i.e., controlled atmosphere 
preservation). 
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2.8.2.1 Influence of Reduced Oxygen Levels 

Reducing oxygen levels slows respiration and reduces the biosynthesis of 
ethylene (Burg, 1962). It also limits browning. The respiratory effect is 
particularly marked at oxygen levels below 8-10% (Fig. 2.18). However, 
excessively low levels will certainly lead to a fermentative metabolism (e.g., 
alcoholic or lactic). Thus, while reduced oxygen concentrations increase the 
product survival, the levels must be appropriately chosen. The lower limit 
for most fruits and vegetables is around 2% when refrigerated, but it 
depends upon the species, the variety, the temperature, and the carbon 
dioxide level. 


2.8.2.2 


Influence of Carbon Dioxide Enrich 


ii 


ent 


Carbon dioxide usually favors survival of harvested organisms. At 
intermediate levels (i.e., few percentage points) there is a variety of effects 
in that it limits oxidation, retards certain syntheses, slows down loss of 
turgidity, firmness, acidity and chlorophyll, opposes the action of ethylene 
and retards the germination and the growth of pathogenic fungi. A 
treatment of short duration (e.g., a few days) by high concentrations 
of carbon dioxide (e.g., 15-20% or higher) can also have beneficial 
consequences. This preservation technique —carbon dioxide shock— is based 
on this principle (Marcellin and Ulrich, 1983). However, some products 
cannot support the prolonged presence of carbon dioxide, even at the 2-3% 
level. The disorders brought about are internal (e.g., brown heart of apples 



Figure 2.18. Changes in the respiration of a vegetable organ as a function of the 

atmospheric oxygen, IR X = respiration at oxygen tensions other than 
that in air ( x% oxygen), IR air = respiraation in air. (From: La Conserve 
appertisee: aspects scientifiques, techniques et economiques by Larousse, 
Copyright 1991 by Technique et Documentation - Lavoisier, Paris. 
Used with permission.) 
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and pears) or superficial (e.g., spotted lettuce and apples), and are 
sometimes marked by the appearance of strange flavors (e.g., tomatoes, 
asparagus, cauliflower). 

2.8.2.3 Combined influence of Carbon Dioxide and Oxygen 

In controlled atmosphere preservation, there is a benefit from the 
combination of refrigeration, depletion of oxygen, and carbon dioxide 
enrichment. However, the formulation of the most favorable mixture of 
oxygen, carbon dioxide, and nitrogen (nitrogen is a completely inert gas) for 
each case cannot be deduced from the preceding data, as all the factors 
interact. Two rules are used to adjust the composition of the gas mixture for 
best effect. The first is that the sensitivity of the organs to carbon dioxide 
is increased with the depletion of the oxygen and the second is that the risk 
of fermentation in an atymosphere very low in oxygen is increased with an 
increase in the carbon dioxide level. Three principle types of gas mixtures 
are used (Figure 2.19), but there is considerable variation within each type. 


CONTROLLED ATMOSPHERE 



Figure 2.19. Relative composition of the three main types of controlled 

atmospheres. (From: La Conserve appertisee: aspects scientifiques, 
techniques et economiques by Larousse, Copyright 1991 by Technique 
et Documentation - Lavoisier, Paris. Used with permission.) 




FRUIT AND VEGETABLES 


81 


Type /: These are mixtures in which the carbon dioxide content varies 

between 2 and 10% and the combined concentration of oxygen 
and carbon dioxide is equal to 21%. The nitrogen concentration 
is, therefore, the same as that found in air. They are relatively 
depleted with respect to oxygen, and their activity is conditioned 
only by the carbon doxide. 

Type IT. These combine the effects of low oxygen pressures (2-5%) with a 

moderate level of carbon dioxide (2-5%). They are the most 
efficient and most frequently employed. 

Type III : These are very low in oxygen (1-3%) and contain practically no 

carbon dioxide (e.g., less than 2%). These are destined for 
products that are particularly sensitive to carbon dioxide. 

Although a fourth can be added, it is very seldom recommended. It is 
characterized by a relatively elevated level of oxygen (e.g., 10-15%) and a 
very low level of carbon dioxide (e.g., maximum 2%). These have been 
proposed for use with citrus products, carrots, and turnips. 

2.8.3 Atmospheric Humidity 

Atmospheric humidity has a number of physical, physiological, and 
pathological effects that are combined with that of chilling. 

2.8.3.1 Physical Effects 

Fresh very hydrated vegetable organs risk dehydration after harvest. At any 
given temperature, the water loss decreases as the relative humidity (RH) 
increases; it becomes zero at about 97%. It also diminishes for any RH level 
when the temperature is decreased. Therefore, it is recommended to chill 
products as soon as possible following their harvest to protect them 
immediately against desiccation, aging, and fungicidic attacks. It also 
diminishes the subsequent risk of certain refrigeration mishaps. There are 
three methods for the prechilling: 

• immersion in water at or close to 0°C; 

• forced cold air ventilation; and 

• cooling under partial vacuum (vacuum cooling). 

2.5.3.2 Physiological Effects 

Due to the lack of systematic study, the physiological effects are not well 
understood. The stress of excessive dehydration in a very dry atmosphere 
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leads to an increased respiration and synthesis of ethylene. As for the chill 
disorders, the atmospheric humidity intervenes, but the manner is unclear. 
High relative humidities applied over a few days at an elevated temperature 
can have interesting effects in the case of tubers as it favors the scarring 
(healing) of harvesting wounds. The application of a treatment of this type 
is known as curing. 

2.8.3.3 Pathological Effects 

Growth of fungi and bacteria is favored by high relative humidities, 
especially by the presence of free water on the product surface. However, 
humidities close to the saturation point (98-100%) are less liable to support 
fungicidic attack on certain vegetables than are those of 90-95% (e.g., 
cauliflower, Brussel sprouts, green cabbage, carrots, rutabagas, pears, 
potatoes, etc.). A very humid atmosphere can also reduce the chill 
disorders, with banana being a case in point. 

2.9 CONCLUSION 

The vegetable cell possesses specialized enzyme systems, such as those for 
synthesizing and degrading the cell wall constituents (polysaccharides) or 
those in the ethylene biosynthesis and in the Calvin cycle not found in the 
animal cell. The first two play a role in vegetable maturation, and, when this 
state is attained, in the breakdown of the vegetable cell. This alteration is 
seen at the macroscopic level by the softening of the fruit or legume. 
Shocks, because they destroy the integrity of the cell with the liberation of 
hydrolase contents of the vacuole and because they stimulate the production 
of ethylene (stress), accelerate the softening. It must be noted that gel 
formation and liberation of cell wall hydrolases are detrimental to the 
firmness of fruit and legumes. Those that are not specific to vegetables, 
such as lipoxigenase and polyphenol oxidase, which intervene in the 
postmaturation process and whose effects are not always desirable (e.g., 
appearance of disagreeable flavors and colors), must be added to these 
enzymatic systems. 

If certain enzymes like polygalacturonase, lipoxygenase, and polyphenol 
oxidase have been relatively well studied (although some contradictory 
results are published), it does not mean that knowledge of the enzymes 
implicated in the maturation and the alteration processes is exhausted. As 
proof, there is little available information on the enzymes in the ethylene 
pathway (essentially methionine adenosyl transferase and the ethylene 
forming enzyme, with ACC synthase being better known) and on the parietal 
hydrolases other than the polygalacuronase, and to a lesser degree, methyl 
pectin esterase. 
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The fundamental and applied research on the physiology of the vegetable 
organs following harvest have experienced a great evolution during the past 
decades. The efforts currently devoted to this sector of the agrofood biology 
in different countries have diminished. This is certainly regrettable because 
there is still much essential work to be done in order to obtain a longer 
lifetime for fresh products and to improve their quality. For this, a precise 
knowledge of the processes that govern the behavior of harvested organs is 
required (e.g., the detailed mechanisms of senescence, the action of ethylene, 
or the initiation of the chill disorders). The canned food industry can 
certainly benefit from the results of such investigations. It is generally 
recognized that vegetable products must be used as soon as possible after 
their harvest, and even then they should be refrigerated right after being 
picked. These practices, often subject to empiricism (i.e., quackery), could 
certainly be applied more efficiently with contributions from increased 
fundamental research. 
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3 

MICROBIOLOGICAL 

ASPECTS 


3.1 INTRODUCTION 

Numerous studies have conclusively shown that microorganisms that 
contaminate the raw products used in canning directly affect the safety and 
preservation of the final product. The prime microbiological concerns of 
canners are: 

1. Microorganisms that may survive the final thermal treatment and 
subsequently adversely affect the quality and/or safety of the final 
product; 

2. Microorganisms that can cause adverse changes (e.g., incipient 
spoilage) of the raw products prior to their use in the canning 
process; 

3 . Microorganisms that can contaminate the processing plant 
environment (e.g., air, food contact surfaces, food handlers, finished 
product handling equipment, etc.) and may gain entry into the 
finished product (postprocess contamination), which affects the 
quality and/or safety. 

Some of these, especially those in groups 1 and 3, are pathogenic to 
humans. The thermal treatments used in canning today, alone or in 
combination with other preservation methods (i.e., reduced pH, reduced 
water activity, salt, nitrites, etc.), are geared to reduce to an infinitesimally 
low level the risk of a known pathogen surviving. For the so-called low-acid 
foods (pH > 4.6) the thermal processes are designed to eliminate the most 
thermally resistant spore-forming foodbome pathogen, C. botulinum. 
However, there are microorganisms that, while not foodbome pathogens, are 
more thermally resistant than C. botulinum and can and do cause spoilage 
in canned foods, which results in economic losses and loss of consumer 
confidence. With the so-called acid products (pH < 4.6) pathogen survival 
is less of a concern, where that of spoilage organisms is. 

Postprocess contamination is a real and ever-present danger. It has 
caused considerable spoilage as well as resulted in some serious food 
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poisoning outbreaks (Stersky et al., 1980). It has been found to be the most 
frequent cause of spoilage in canned foods, as compared with that due to 
underprocessing. 

For all practical purposes, healthy intact animal or vegetable tissue is 
internally free of microorganisms (i.e., sterile). Contamination is generally 
limited to the exposed surfaces. However, subsequent handling, preparation, 
and storage give rise to deeper intratissue contamination and growth. 
Surface contamination of the raw products can also contaminate any surface 
they contact, including food handlers. 

3.2 MICROORGANISMS OF CONCERN 

The classification, morphology, identification, enumeration, and so on of the 
microorganisms that contaminate raw products are not within the scope of 
this chapter. For such information, the reader should consult any one of a 
number of excellent texts on these subjects. The aim of this particular 
section is to direct the reader’s attention to some of the problems 
encountered with the groups of microorganisms cited in Section 3.1. 

3.2.1 Virus 

Viruses, in their free and infectious form (i.e., virion) commonly have only 
one form of nucleic acid enclosed in a proteinaceous capsule or shell. They 

are very minute, with most of them being only 20-300 nm. As for all 
biological systems, their multiplication requires a complementary interaction 
between DNA and various RNAs. The obligatory intracellular parasitism of 
all these virions is dictated by this interaction requirement. The three basic 
morphological groups shown in Figure 3.1 are rigid rods or flexible filaments 
with helicoidal symmetry, small spheres and bristly walls with icosohedric or 
related symmetry, and mixed types combining the two preceding 
architectural features. The virions are either naked or enclosed in a 
lipoproteinaceous coat that renders them very sensitive to the action of 
detergents. 

3.2.1.1 Parasitic Specificity 

Plant viruses have an icosohedric or helicoidal symmetry because they lack 
RNA (Comuet, 1987). Abnormal pigmentation and growth anomalies of the 
infected plants are symptoms of viral infection. As both pigmentation and 
growth anomalies are visible, the affected product can be removed at the 
time of the harvest or during the subsequent sorting. Some viruses can 
remain dormant, showing no expression (i.e., evidence) of their presence. 
Even if they survive the canning process, due to their parasitic specialization 
and absence of the required growth factors (i.e., living viable host), they 
present no hazard. 
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Figure 3.1. Morphology of different vegetable viruses (Closterovirus in beets, 

Tobamovirus in potatoes), in bacteria (Bacteriophage T4 of Escherichia 
coli) or in humans (Norwalk virus, rotavirus). (From: La Conserve 
appertisee: aspects scientifiques, techniques et economiques by Larousse, 
Copyright 1991 by Technique et Documentation - Lavoisier, Paris. 
Used with permission.) 

Bacteriophages exhibit many different structural types and are able to 
multiply within a bacterial cell, which permits the absorption and penetration 
of the viral genetic material. At the end of this infection and if the 
conditions are favorable, the cell is lysed (i.e., killed), liberating at least 
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15-20 bacteriophages. Thus, by causing disruptions to the intestinal flora in 
this manner, they can create intestinal disorders in humans. Even though 
they are found wherever bacteria exist, they are, for the most part, 
inactivated by the canning process. 

3.2.1.2 Passive Pollution 

In the developed countries over the past dozen years a steady increase in 
illnesses related to a viral food source has been observed, with that of 
hepatitis A being most often implicated (Eyles, 1986; Halligan et al., 1988). 
The Norwalk and other related rotaviruses cause gastroenteritis and are 
primarily transmitted via drinking water and shellfish. 

Vigilance must be maintained because epidemiological studies (Larkin, 
1986) indicate that practically all products can transmit hepatitis A and 
probably viral gastroenteritis. Preventative methods are directed to the 
control of water quality from the growing fields right up to the packaging of 
the final product. 

3.2.2 Bacteria 

These are unicellular microscopic organsims that belong to the vegetable 
kingdom and have numerous species with diverse characteristics. However, 
those of interest to the canner can be divided into three large general 
categories with respect to their oxygen requirements for growth. 

Obligate aerobes require the presence of molecular oxygen for their 
growth. Because most, if not all, canned foods are under partial vacuum, 
the supply of molecular oxygen is limited. Therefore, obligately aerobic 
bacteria are not of great importance in the spoilage of canned foods. There 
are some exceptions, such as in canned meats containing nitrites and/or 
nitrates, where organisms like Bacillus subtilis and B. mycoides can grow and 
produce gas, which results in swollen containers. As a postprocess 
contaminant, unless there is loss of vacuum, their growth will also be limited. 
However, their role in spoilage of fresh raw products is of considerable 
importance. 

While facultative anaerobes can grow in the presence of molecular 
oxygen in the quantities found in air, they can adapt to very low levels (i.e., 
microaerophilic) or none. These can and do produce spoilage in canned 
foods, particularly in acid foods. Some, like B. stearothermophilus, which is 
a thermophile responsible for flat souring of canned foods, produce spores 
that have high thermal resistance, higher even than those of the obligate 
anaerobes. B. coagulans , which is acid tolerant and can grow at a pH as low 
as 4.0, has been involved in the spoilage of canned tomatoes and tomato 
products; B. macerancs and B. polymyxa have been involved in fruit and 
vegetables. 
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Obligate anaerobes require that oxygen either be absent or at very low 
levels in order for growth to take place. The vacuum packaging of canned 
foods presents ideal conditions. Most are gas producers and putrefactive in 
that they produce distinctive odors and swollen containers. There are some 
exceptions, such as the nonproteolytic C. botulinum types B and E. C. 
botulinum, which produces the very potent botulinal toxins, is in this group; 
however, not all the clostridial species (e.g., C. putrificum, histolyticum, 
bifermentans, sporagenes) are classified as foodbome pathogens. 

3.2.2.1 Pathogens 

Included under this general title are those bacteria that are pathogenic to 
animals and humans, as well as to fruit and vegetable pathogens, which can 
adversely affect the food quality. Diseased animals are usually rejected prior 
to slaughter, unless edible portions have been proven to be safe for human 
consumption. While preselection of fruits and vegetables affected by 
pathogens can be carried out, there are some situations in which the adverse 
effects cannot be seen until internal tissues are visible during the preparatory 
operations. 

Foodborne pathogens are microorganisms that, when present in a food 
by themselves or the toxins they produce, can be the cause of human illness 
when the food is consumed. The most common of those that have been 
implicated in outbreaks are Campylobacter sp., Escherichia coli, Salmonella 
sp., Shigella, Yersinia enterocolitica, Vibrio parahaemoliticus, Staphylococcus 
aureus , Clostridium perfringens, Clostridium botulinum, Bacillus cere us, and 
Listeria monocytogenes. These are generally carried in the intestinal tracts 
of animals, including humans, and subsequently contaminate the edible 
portions of animals and the growing environment of fruits and vegetables. 

Some of the foodborne pathogens form spores, which have a 
considerably higher thermal resistance than their vegetative counterparts, the 
non-spore-forming types. Aside from the question of postprocess 
contamination, the following foodborne pathogens present the most serious 
problems. 

Clostridium botulinum (Sebald, 1982), the prime agent of concern in 
canned foods, is a land- and water-based, gram-positive bacillus. It is motile 
via peritrichous flagellae, with a slightly curved rod shape 2-10 pm long and 
0.5-1.5 pm wide. It grows best under strict anaerobic conditions, but it can 
support a microaerophilic environment. When growth is limited, it produces 
subterminal spores that deform the bacillary body and endow a strong 
thermoresistance to the organism. With the return of favorable conditions 
and in the presence of activators such as thiol groups or oxidizing agents, the 
spores germinate producing thermolabile vegetative cells. Clostridium may 
be divided into four groups in accordance with their biochemical 
characteristics. The vegetative forms produce seven immunologically 
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different neurotoxins, which are proteins of 141-167 kD, formed by two 
asymmetric subunits (Swartz, 1980). They are synthesized in the form of 
precursors, which become active by a subsequent partial proteolysis. They 
are thermally labile and, in accordance with their structure, are inactivated 
by heating for 10 minutes at 80-100°C. The risk is that spores will survive 
an inadequate sterilization and subsequently germinate and outgrow, 
producing toxins. Ingestion of the clostridial neurotoxins is followed by a 
peripheral muscular paralysis principally involving an inhibition of the 
conduction of nerve stimuli at the myoneural junctions. 

Clostridia grow best at a pH around neutrality (7), which is generally 
found in meat and fish products. Growth rates are reduced with decreased 
pH. Lund (1986) noted that in addition to the suboptimal conditions of pH 
(<4.5), a temperature of 12°C or less will prevent the growth and production 
of toxins by the spores of Cl. botulinum, proteolytic A and B types. While 
the nonproteolytic types B and E are more psychrophilic, they are more 
sensitive than the proteolytic types to decreases in pH and water activity. 
Many vegetable products such as asparagus, mushrooms, green beans, peas, 
pimento, and olives are capable of harboring this organism and have pH 
values that would support growth. 

The survival of Clostridium perfringens spores in canned foods that were 
consumed 18-24 hours after being held at room temperature (Sebald, 1982) 
was the causal agent of a benign gastroenteritis. While anaerobic, they can 
tolerate atmospheres of up to 5% oxygen. They generally produce toxins 
during sporulation and not during vegetative growth (Swartz, 1980). The 
toxins are not inactivated by the acids or proteolytic enzymes of the digestive 
tract. On the contrary, their partial hydrolysis intensifies their necrotic and 
hemolytic properties. It is ubiquitous (i.e., it can be found in soils, dust, and 
water). It produces ovoid, deformed subterminal spores. The vegetative 
form is nonmotile (i.e., no flagellae) and is encased in a capsule that is 
responsible for mucous whitish colonies. Not all strains are toxigenic; 
however, the toxigenic strains tend to be more thermoresitant. For there to 
be a health hazard, a large number on the order of H^/g is required. 

Other clostridial species, such as the C. barati and butyricum found on 
mungo bean seeds (De Jong, 1989), and the C. feisineum , scatologenes , and 
tyrobutyricum found on mixed chicken and potato pasteurized salads, are also 
neurotoxigenic (Baumgart et al., 1984). 

Among the Bacillus genus there are rod-shaped, generally very motile, 
sporogenic, and gram-positive obligate aerobes or facultative anaerobes that 
include pathogens, like B. anthracis , which is the causative agent for anthrax, 
and B. cereus, which can produce a thermolabile enterotoxin (Swartz, 1980) 
or a more thermally resistant toxin. Canned foods have never been 
implicated in B. cereus intoxications, as these have been for the most part 
restricted to preparations containing rice and dairy products. While 
potentially a hazard, it is well controlled by the sterilization processes. 
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Staphylococcus aureus, or particularly the enterotoxin it can produce, has 
caused problems in canned foods. It is a gram-positive coccus of the 
Micrococcaceae family. Illness results from the ingestion of foods containing 
an enterotoxin produced by certain strains of this organism, which is 
commonly found in the nasal passages and skin of humans and animals. 
While the foods most frequently implicated in outbreaks are ready to eat 
(e.g., cooked meats, cream pastries, etc.), the enterotoxin can remain 
biologically active after cooking and even after the thermal processing used 
in canning of low-acid foods (Dangerfield, 1973). A case in point is the 1989 
outbreaks of 5. aureus intoxication in the United States due to the 
consumption of canned mushrooms in which, in some instances, the toxin 
was believed to have been produced in the mushrooms prior to their being 
thermally processed (Bennett, 1992). Selective media permit the isolation, 
identification, and enumeration of the microorganism and provide a 
quantitative evaluation of any problem. There are now a number of rapid 
methods for the direct identification of the presence of the enterotoxin in 
foods. 

The organism is found abundantly in nature, with certain strains being 
saprophytic to both humans and animals, while others are enterotoxigenic. 
As it is estimated that 25-50% of the human population are carriers of S. 
aureus , food handlers must be considered as a significant source of 
contamination by this organism. It has also been shown that contamination 
of carcasses and processed animal products also comes from the equipment 
(e.g., knives, etc.) used in slaughterhouses. The contamination of poultry 
carcasses by the fingers of the pluckers is a good example and, notwith¬ 
standing the potential for human contamination, it should be kept in mind 
that in modern large-scale poultry slaughterhouses it is the mechanical 
pluckers, that constitute a critical control point for the supply and 
dissemination of S . aureus to the carcasses. 

Phytopathogens attack fruits and vegetables, reducing their organoleptic 
and nutritional quality, and causing the appearance of mechanical quality 
defects (Lelliot and Stead, 1987). For example, the tomato can be attacked 
by eight types of parasites that belong to the species Pseudomonas , 
Xanthomonas , and Clavibacter (Smith et al., 1988), and green beans by 
Corynebacterium , Pseudomonas , and Xanothomonas. The lesions caused by 
these bacteria continue to expand after the harvest, but adjacent healthy 
products are not affected as long as there is no entrainment by way of water 
or infectious inoculum (Bartz and Eckert, 1987). With adequate 
precautions, it is only a serious risk because of the economic loss to 
vegetable products stored and sold fresh. 

Agents that cause soft rot deserve special mention. In order of 
decreasing importance, these are the species Erwinia , Pseudomonas , and 
Clostridium , and they have been intensively studied in leafy products, 
potatos, carrots, tomatos, celery, and cauliflower (Denis and Picoche, 1986). 
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The direct invasion of healthy fruit and vegetables is difficult 
(Perombelon, 1981), because penetration of the cuticle is necessary. Such 
"ports of entry," whether natural or artificial, are induced during culturing 
as well as during harvest. These are the lenticels, the stomata, localized root 
anaerobiosis local, frost induced, sun scorches, abrasions, ruptures, bruises, 
and so on. 

Erwinia carotovora and Pseudomonas fluorescens , which are favored by 
free water or elevated relative humidity (RH), are those most often found 
and are frequently the cause of soft rot in market vegetables (Liao and 
Wells, 1987). The same conditions (i.e., RH > 90%) are required by 
Xanomonas (Timmer et al., 1987). On the other hand, Clostridium puniceum 
requires an anaerobic environment as that created in vivo by aqueous films 
or bacteria shields that blocks gaseous exchange at the surface of vegetable 
products (Bartz and Eckert, 1987). The internal tissues of healthy uninjured 
potato tubercles stored at 21 °C will only become anaerobic 150 minutes after 
their lenticels have been covered by an aqueous film. This shows the 
importance of drying after soaking, if the raw materials have to stay more 
than a few hours before processing. 

3.2.2.2 Bacteria Affecting Preservation (Saprophytes) 

Soil, water, air, insects, and animals all contribute to the microflora of 
vegetables. The relative importance of these sources differs with the 
structural entity of the plant (e.g., leaves will have greater exposure to air, 
whereas root crops will have greater exposure to soil). The conditions of 
growth and cultivating practices have a significant impact on both the 
quantity and quality of the contaminating microflora. Unfortunately, most 
of the studies on the bacterial quality of raw fruit and vegetables has been 
directed toward that of pathogens. 

A wide variety of bacteria can be isolated from meat; however, relatively 
few grow at normal refrigerated storage temperatures. Under appropriate 
environmental conditions, obligate aerobes like Pseudomonas and 
Acinetobacter-Moraxella, or facultative anaerobes, such as Brochothrix 
thermosphacla and Lactobacillus, or even certain enterobacteria, such as 
Serratia liquafaciens , will grow. These aerobic/anaerobic organisms 
preferentially utilize glucose. The obligate aerobe Acinetobacter, which is 
incapable of metabolizing hexoses, is an exception. Under aerobic 
conditions and when the glucose reserves are exhausted, most of these 
microorganisms utilize amino acids in the terminal growth phase. Under 
anaerobic conditions following the utilization of the available glucose, the 
number of substrates is considerably reduced. The conditions of meat 
storage will dictate which spoilage organisms will dominate. The sources of 
these microorganisms are the water, air, soil and faecal material, which in 
turn contaminate the animal skin, hair, and feathers. 
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The microbial contamination of fish and marine products is directly 
related to the prevailing environmental conditions (Shewan, 1953, Liston; 
1955). Warm water fish predominantly exhibit gram-positive mesophilic 
organisms (e.g., micrococcus, Corny bacteria, Bacillus ), while cold water fish 
contain essentially gram-negative organisms (e.g., Moraxella , Acinetobacter, 
Pseudomonas, Flavobacterium , and Vibrio) (Shewan, 1977). 

3.2.3 Fungi 

Numerous microscopic fungi that have very diverse physiological 
characteristics are more frequently associated with fruits and vegetables. 
Under suitable conditions, however, they can infect animal products. They 
can maintain themselves on the surface of tissues, or develop an internal 
parasitic or biotrophic relationship within living cells or are nourished at the 
expense of cells whose death they have caused (i.e., necrotrophy). 
Detection, enumeration, and identification of superficial fungal 
contamination requires specific methods adapted to the characteristics of the 
mycelial thallus (Moreau, 1988), and generally can only be applied to a 
narrow range of vegetable materials. 

3.2.3.1 Molds 

The filamentous molds seen on food surfaces are divided into three groups: 
Zygomycetes, Ascomycetes, and Deuteromycetes. These are of considerable 
importance in the postharvest spoilage of fruits and vegetables (Dennis, 

1987 ). 

The Zygomycetes have siphonlike hypha without true partitioning walls. 
Their asexual multiplication is by spores formed in the interior of the 
globular vesicles, which are called the sporacysts. Unless an ejection 
apparatus assures their dissemination, these unflagellated spores are 
dispersed passively by the wind and the rain. Sexual reproduction is by 
fusion of two mycelial ampoules of complementary sex, without which there 
would be no individualization of the gametes. The fruit of this union is an 
egg or zygote from which the name is derived. The most important order 
is Mucorales, with the genera Absidia, Mucor , and Rhizopus being most 
frequently observed in fruit spoilage. They produce very aerial thalli that 
have a thickness up to a few millimeters and heights up to a few centimeters, 
are often greyish white, sometimes brownish, and show a rapid growth. The 
numerous sporocysts at the summit of the erect hypha are visible under a 
magnifying glass. They are fragile and easily liberate abundant spores, which 
darken in the course of their maturation. An example of this group is 
Rhizopus stolonifer , which is common on apple, pear, strawberry, peach, 
carrot, tomato, eggplant, and the like (Smith et al., 1988). Wounds or tissue 
senescence in combination with a sufficiently elevated RH are the factors 
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that support their proliferation. They are formidable saprophytes that are 
responsible for the condition called cat’s hair , which is a term that reflects 
their abundant and supple aerial development. 

The Ascomycetes have a thallus formed from septated filaments, with 
a chitinous wall. The spores of sexual origin are most often found in groups 
of eight, in the interior of a sack that is more or less elongate, called the 
ascus. The maturation of the ascospores takes several weeks, but their 
longevity is the prime mode of survival. In their imperfect or vegetative 
form, they produce a variety of asexual spores or conidia in abundance over 
a few dozen hours and with variable viability; they are never encountered 
grouped within a sporocyst. The Ascomycetes form the most populous 
group with almost 32,000 species described, and they present a considerable 
variation in structure and form. For fruit and vegetables, the orders 
Eurotiales, Microascales, and Sphaeriales contain the majority of the fungi 
that have an economic importance (e.g., Byssochlamys, Eurotium, Monascus , 
Neosartorya, and Talaromyces) (Fig. 3.2). The most thermal-resistant fungal 
spores are found among the species common to cereal products, fruits, and 
their derivatives (Botton et al., 1985). 

The Deuteromycetes have a thallus analogous to that of the 
Ascomycetes, but they do not have sexual reproduction and hence are called 
imperfect fungi. They can exhibit condensed thallic forms, and very 
differentiated and specialized spores. The species that lack such forms 
constitute the order Hyphales. These are the true field and storage 
microflora, frequently xerophyllic, and producers of fabulous densities of 
conidia. The genera most frequently encountered on vegetable products 
destined for canning are Alternaria, Aspergillus, Byssochlamys, Epicoccum, 
Geotrichum, Penicillium, and Wallemia . The criteria for identification 
depends upon the conidia (shape, dimensions, pigmentation) and on the 
organization of the conidiophores. 

3.2.3.2 Yeasts 

Yeasts momentarily share a common unicellular trait in their life cycle, and 
they have a dominant fermentative metabolism (Hudson, 1984). For the 
most part, they multiply by budding, but also by fission, like the 
Schizosaccharomyces. They are universally present in the vegetable world 
with the genera Cryptococcus, Rhodotorula, Saccharomyces, and 
Sporobolomyces, and the yeastlike molds Aureobasidium or Candida are most 
common. Two species cause severe systemic mycosis in humans. One, 
Candida albicans , which colonizes the alimentary tract mucosa, is normally 
controlled by interspecific competition. The other is Cryptococcus 
neoformans , which is an opportunistic invader of the respiratory tract. While 
they do not produce toxins in foods, they do modify appearance and produce 
undesirable flavors. Their morphology, biochemical, and physiological 
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Monascus ruber Byssochlamys fulva 


Figure 3.2. Coniferous apparatus of Botrytis cinerea and of five thermoresistant 

fruit and vegetable molds. (From: La Conserve appertisee: aspects 
scientifiques, techniques et economiques by Larousse, Copyright 1991 by 
Technique et Documentation - Lavoisier, Paris. Used with 
permission.) 

characteristics are utilized in their identification. 

3.2.3.3 Internal Infections 

These are parasites that tend to have a narrow specificity. They cause little 
injury to their hosts in the short term since their survival depends upon the 
continued functioning of the infested cells. In contrast, the necrotrophes 
typically have a large range of potential hosts to which they impart major 
injuries. 
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The principal obligatory parasitic molds of vegetables are classified into 
three groups: the Oomycetes (brown rot), the Ascomycetes (vine mildew, 
white or speckled), and the Basidiomycetes (rust, smut). The major 
postharvest problems are posed by the rapid evolution of mildew in a cool 
and humid atmosphere (e.g., infestation of tomato or potato by Phytophthora 
infestans). However, it is during the growing phase that fruit and vegetables 
are most liable to attack. For example, the serious mushroom affliction (i.e., 
mole), which involves two distinct species, is named for the spongy aspect of 
the infested tissue. If the attack is rapid, then the base (foot) is greatly 
swollen into a ball and the cap does not develop. A universal hypertrophy 
is observed in slower attacks, in which the cap becomes irregular and 
swollen. It was formerly believed that the presence of tissue exudations gave 
rise to one or the other of the two syndromes of wet or dry moles. This 
distinction is not valid (Anonymous, 1975) because the droplets 
corresponding to the infections are independent of the nature of the 
pathogenic agent. The two species involved are Mycogone perniciosa and 
Verticullium fungicola (V malthousei) from Deuteromycetes, of the order 
Hyphales (Domsch et al., 1980) The former produces large bicellular 
yellowish brown chalmydospores with a diameter of up to 20 pm. Both form 
conidiophores; however, in the Mycogone they are reduced and with very 
elongated or bushy conidia that have abundant bunches of superincumbent 
verticils, which emit small ovoid or arched conidia as in the Verticillium. To 
a lesser degree, the moles can be due to other parasitic Hyphales, such as 
Cephalosporium lamellicola, constanttinii , or even the Dactylium dendroides , 
which confer a rose coloration to the afflicted mushrooms. Since these 
diverse species are not equally responsive to any one method recommended 
for prevention, a combination of methods may be required for infestation 
control. 

Necrotrophic molds invade healthy tissues, and their progression is 
accompanied by physiological disorders in the nearby cells, which may be 
caused by a toxin. The necrotic cells liberate their contents, which in turn 
provides the nutritive support for continued hyphal growth. 

Botrytis cinerea , which causes gray rot, is a good example of this class of 
molds. It is a nonspecific parasite that attacks many cultured vegetables, 
fruit trees, ornamental plants, and the like. Gray rot, with its powdery 
pubescence, can be found on artichoke, asparagus, eggplant, beet, carrot, 
cabbage, cucumber, strawberry, raspberry, bean, lettuce, onion, pea, potato, 
pear, green pepper, and grape vines (Smith et al., 1988). The soft rot it 
produces is rapidly expanded, with fleshy fruits being particularly susceptible. 
An exception concerns the infection of tomato fruit by the conidia. On 
green fruits, it is noted by well-defined, fine white rings with a diameter of 
3-6 mm centrally pitted with a small brown central lesion. These are the 
’’phantom spots” that have on ripe fruits the form of yellowish white rings, 
very diffuse, and that must not be confused with the Mosaic virus of alfalfa 
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and cucumber. On tomatos, this virus causes dented discolored 
deformations. 

Because of its external velvety thallus, Botrytis sporulates abundantly, 
producing gray and irregular conidia (Fig. 3.2) on all the aerial parts of the 
host. It survives in the form of condensed mycelia in the debris remaining 
in the field following harvest and its sexual reproduction is frost induced and 
finalized by the formation of cylindrical asci covering the cavity of a 
pedunculate cup (i.e., the shield). The conidia, which are easily carried by 
the air or water, are the prime means of contamination. The optimal 
conditions for active infestation is an RH > 95% and a temperature of 
17-23°C; however, infections can occur at temperatures ranging from 0 to 
35 °C. Any wound favors the expansion of Botrytis , whose vegetative cycle 
is very short. Under optimal conditions, one spore produces a sporulated 
thallus in four days. Overcast weather can produce such conditions; hence, 
vegetation in shaded areas are particularly susceptible to the attack of this 
organism. 

While the gray rot is a serious infection in grape vines (e.g., in certain 
German vineyards and for French Sauternes), the late development of 
Botrytis on grape clusters is judged beneficial in that the grape is partially 
dehydrated, the sugar content is increased, and the subsequent fermentation 
is improved. Infestation in these situations is referred to as noble rot. 
Because some strains of Botrytis can develop resistance to some fungicides, 
the use of phytosanitary agents to control infestation can be disappointing. 
Finally, it should be kept in mind that this is only one element of 
heterogeneous microbial flora whose composition varies during the seasons 
(Senter et al., 1985). 

3.3 SOURCES OF MICROBIAL CONTAMINATION 

The microbiological quality of raw products is primarily dictated by the 
conditions under which they are grown, transported, stored, and treated 
prior to the actual canning process. 

3.3.1 Animals and Fish 

The sources and dissemination of microbial contamination in animals prior 
to slaughter are affected by the conditions that prevail during breeding, 
transport, and holding prior to slaughter, as well as those during and after 
slaughter. The role of breeding conditions in the contamination has been 
reported by various authors (Oosterom, 1979, for hogs; Le Turdu et al., 
1980; Payne and Scudamere, 1977, for poultry). For example, 10 foodbome 
illness outbreaks were traced to the ingestion of turkey meat from one 
breeding flock contaminated by the same lysotype 2 strain of S. enteritidis. 
Animal feed, particularly that containing raw material of animal origin, has 
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been implicated in the Salmonella infection of animals. While some studies 
have shown a direct relationship between the contamination of feed raw 
materials and the infection of animals, it has more frequently not been 
possible to observe the presence of the same serotype in the feed and the 
animals. This is a common occurrence in this type of investigation because 
it is extremely difficult to obtain samples of both the implicated feed and its 
raw materials. In addition, certain serotypes, such as S. typhimurium , 
multiply more easily in the intestine, while others, like S. seftenberg , are more 
thermally resistant and may survive processing. Animal intestines can be 
selective, as can the laboratory techniques used. Despite these difficulties 
to establish this vector, a number of cases can be cited where different 
serovars introduced via the intermediary of feed raw materials have been the 
source of public health problems: S. agona in fish meal in Peru, and France, 
and food poisonings in Great Britain and United States. 

The role of the environment cannot be disregarded. To minimize 
contamination, hygienic conditions must be maintained during rearing, 
especially in intensive rearing. Once a particular bacteria has been 
introduced, it can be rapidly disseminated via fecally contaminated water, 
feed, or by infected animals. Once it has been introduced into the animal 
environment, buildings, and so on, it is very difficult to suppress, let alone 
eliminate. Lahellec et al. (1986) showed that the presence of Salmonella in 
the hen house at the time the chicks are introduced can be the most 
important source of poultry contamination. Snoeyenbos et. al. (1969) 
showed that Salmonella contamination can persist even after periods of 
nonuse followed by cleaning and disinfection and result in the infection of 
subsequent flocks. Jack and Harper (1969) showed that cattle that graze in 
meadows fertilized with manure can become infected. The extent of the 
infection will depend upon the persistence and numbers of the micro¬ 
organism, and the time interval between fertilization and pasturing. Cross¬ 
contamination between animals can be increased by an augmentation of 
those conditions favorable to this process. 

3.3.2 Fruit and Vegetables 

3.3.2.1 Cultivation 

The many sources of contamination are linked to the growth environment: 
soil and atmospheric microflora, microbiological quality of the water used 
for irrigation or watering, dispersion by the rain propagated by the washing 
or projection of soil particles, horticultural processes, insect movement (e.g., 
plant lice, mites, worms, etc.). Many studies have been made of the 
microflora associated with vegetation above and below ground level. During 
the past 30 years, especially since the 1970s, vegetative surfaces have been 
most frequently studied because they are the most accessible, easiest to 
examine, and hence less costly. 
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Climatic changes have considerably less effect on the microbial flora on 
the surfaces underground than on those above. This is due, in part, to the 
thermal inertia of soil and, to a variable degree, its capacity to retain 
moisture. However, the microclimate at the epidermal surface undergoes 
considerable variation as temperature fluctuations of 10C°/min can easily be 
realized. While greater fluctuations that are attributed to the environment 
are observed, so are lower values due to evapotranspiration. The transfer 
of the water vapor at the epidermal surface is regulated by the cuticle 
impermeability, the presence of epidermal hairs, and the function of the 
stomata. The relative humidity available to the microorganisms follows a 
daily cycle, usually attaining saturation in the course of the night. Gaseous 
exchanges with the atmosphere are primarily by diffusion because air 
movement has practically no influence at distances less than 100 pi n from the 
cuticle. In addition, the above-ground microorganisms are exposed, to 
greater or lesser degree, to the selective action of solar radiation, with the 
infrared being of particular importance. 

In summary, the surface of vegetables is an ecological niche physically 
and chemically inhospitable (Hudson, 1986). It is a selective habitat for the 
more resistant fungi, which show an amazing tolerance to desiccation. One 
of these ubiquitous colonizers, Aureobasidium pullans , produces filaments 
(hypha) whose extremities or apices can remain viable for 3 weeks at a water 
activity of only 0.45. The apex is the unique growth zone for all filamentous 
fungi, which are generally fragile structures. These fungi are grouped into 
a category called xerophiles, which have the capacity in common to synthesize 
osmoregulators, such as mannitol or proline, in their hypha or mycelium. 

Other ubiquitous species such as Cladosporium herbarum, Alternaria 
alternata , and Epicoccum purpurascens , as well as numerous representatives 
of Chaetomiam, Fusarium , and Rhizopus , are also notable for spoilage of 
fruit. These fungi are pigmented and frequently confer a blackening to the 
colonized surface. These pigments act as protectors for the nucleic acids 
against the mutagenic and/or biocidal effects of the proximal ultraviolet rays. 
They require water for their nutrition that is only available intermittently 
under normal climatic conditions. The evaporation from the vegetation, due 
to the action of sun and wind, is insufficient, but these microorganisms must 
also survive in saturated water conditions and not be washed away by 
atmospheric precipitations. Bacteria can adhere to surfaces by an external 
sticky capsule, the glycocalyx. For the fungi, attachment is assured by means 
of special structures that make their removal difficult as, for example, by 
brushing soiled fruits. 

Since these microflora depend upon vegetal exudations, some pollen 
deposits, and animal excrement for their nutrition, phytosanitary treatments 
can upset some of the antagonistic and competitive relationships. For this, 
the control methods used are directed to the prevention of the installation 
of undesirable species. 
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Horticultural residues house saprophytic microflora that persist in the 
vegetative or, more often, the dormant form. These can be sexual, like the 
almost microscopic globular perithecium of the fungi Ascomycetes , or 
asexual, such as the thick-walled spores (or chlamydospores) of the imperfect 
fungi or the compact mycelial bowls or sclerotes that, for Botrytis cinerea, can 
attain a diameter of 3 mm. 

Some spores are dispersed by the air (Moreau, 1988) [e.g., the dry 
spores (xerospores) o (Aspergillus and PenicUlium, which are ever present and 
allergenic while others with very moist mucosal walls are disseminated via 
water, as is the case for the numerous species of Fusarium ]. Viruses and 
bacteria are generally carried by animals passively or actively. Microbial 
pollution can be intense during the various horticultural processes, such as 
fertilization or the spreading of manure. 

Most superficial saprophytes of vegetation do not create a spoilage 
problem for the products as long as the tissue integrity is maintained and, 
hence, are only potentially hazardous. The risk can be estimated by various 
enumeration methods. For example, immuno-logical methods permit the 
detection of 1 pg of dry mold per 1 g of sample of Alternaria alternata, 
Geotrichum candidum , and Rhizopus stolonifer on tomatos (Lin et al., 1986). 
The specific determinations are directed against those particular invasive 
elements involved in the organoleptic modifications of vegetable material or 
even the production of toxins. 

The microbial flora present at the time of the harvest is a major factor 
determining the microbiological quality of raw materials, and this varies 
considerably. Stott (1971) found that beet counts for fungi varied from 10 2 
to 10 4 per cm 2 and for bacteria from 10 2 to 5 x 10 6 per cm 2 depending upon 
the date sampled. The subsequent environmental conditions up to the 
canning process tend to stabilize the original microflora. 

3.3.2.2 Harvesting, Intermediate Storage, Transportation 

During harvesting, especially when uprooting subterranean organs or cutting 
of fruits or legumes is involved, numerous injuries, which are not all evident 
to the naked eye, can occur. Regardless of the healing methods applied, the 
entrapment or penetration of some of the superficial microflora into the 
tissue interior cannot be prevented. Automated harvesting tends to increase 
the risk of the occurrence of this hazard (Bordes, 1989). While agricultural 
robots combine route control and shape recognition, the importance of the 
gentle handling of vegetables during the harvesting should always be kept in 
mind when they are used. For example, it has been shown that even the 
potato tubercle, which is known to be robust, should receive a minimum of 
shocks during its handling and grading if, at a minimum, its commercial 
quality is to be maintained. 

Due to the relatively high moisture levels of the harvested products, 
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their physiological activity (see Chap. 2), and the fragility of their tissues, a 
major preventative measure lies in the rapidity of the subsequent operations. 
Transportation and storage delays should be held to a minimum. Although 
numerous physical and chemical preventative methods have been studied, 
refrigeration is still the most efficient; however, adaptive microflora (i.e., 
psych rot rophs) are favored when the healing process is delayed. Generally, 
bacteria of the genera Pseudomonas and Erwinia dominate (Tirilly and 
Thouvenot, 1988). Although P. marginalis is ubiquitous, P. viridiflava 
proliferates on beans and P. cepacia on onions. Erwinia carotovora, 
subspecies atroseptica and carotovora, when present, are capable of causing 
soft spoilage via their pectic enzymes. 

As the evolution of these attacks can be very rapid with softening and 
darkening occurring within 48 hours, storage should be limited and, if 
possible, at a relative humidity equilibrated to that of the product to avoid 
weight loss. At this stage, should the hygienic conditions of the edifice and 
the containers be inadequate, storage microflora will progressively supplant 
that of the field with the xerophilic molds, dominated by the species 
Aspergillus and Penicilhum. 


3.4 EVOLUTION OF THE MICROBIAL 
PREPARATION AND HANDLING 


FLORA DURING 


3.4.1 Animals and Marine 

To maintain minimal microbial contamination and growth on carcasses, 
knowledge and control of the applicable critical points in the slaughter and 
dressing operations are vital. Many of the studies that have been devoted 
to this subject concern the identification and control of the contamination 
of the animal skin, which itself is a barrier to microbial invasion. However, 
those involving the contamination of the underlying muscle have, at times, 
produced contradictory results. The impact of any internal contamination 
is insignificant compared with that of the surface. 

Regardless of which animal is involved, the contamination at the time 
of slaughter will be via the water, air, materials, and personnel vectors. 
While good hygienic practice dictates that only potable water be used for the 
treatment of carcasses, it may not be microbiologically adequate. Water 
used in slaughterhouses can frequently be contaminated with Pseudomonas, 
which in combination with the carcass surface moisture grows and reduces 
the shelf life. Water used in the various stages of the preparation of pork 
and especially poultry can serve as a carrier for a variety of microbial 
contaminants. This is particularly true for the water in the scalding troughs 
and that used to cool the wax in slaughterhouses for palmipeds and for 
prefreezing carcass cooling. 

In addition, many studies have shown that equipment and contact 
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surfaces are primary sources of microbial contamination in slaughterhouses. 
The contamination of poultry by S. aureus during mechanical plucking is a 
good example. Unfortunately, their cleaning and disinfection was not always 
considered when they were designed (Simonsen, 1979). However, 
improvements have been made to both the machinery design and the 
methods for their cleaning and disinfection. Since the ambient temperature 
and humidity affect microbial growth, the slaughtering areas, where the air 
is both warm and humid, should be separated from those for evisceration, 
conditioning, cutting, and conversion so that the environmental conditions 
can be maintained as cool and dry as possible. 

The carcass microflora is directly influenced by the slaughter 
technology used and the ecological growth conditions present. For example, 
passage of hog carcasses through scalding troughs results in a decrease in the 
superficial microflora. While this bactericidal effect is primarily due to the 
water temperature, it can vary in accordance with the level of the microbial 
contamination of the water. However, not all microorganisms are affected 
equally because thermoduric and thermophilic organisms can survive in the 
scalding troughs and they can multiply. On the other hand, particularly with 
poultry, the water temperature should not be so high as to cause physical 
alteration of the skin. 

The effect of plucking on the microbiological quality of poultry 
carcasses has been studied by a number of authors. Clark and Lentz (1968) 
showed that plucking increases the superficial contamination, and can vary 
according to the type of equipment used. Contamination by S. aureus , 
Salmonella , and other potentially pathogenic microorganisms by the fingers 
of pluckers has been reported by a number of authors (Lahellec and 
Meurier; 1973, Lahellec and Colin, 1977; Nottermans and Van Leeuwen, 
1981). Dehairing of hogs similarly results in superficial contamination. 

Wax finishing, preceded by drying, has been shown to reduce 
significantly the superficial mesophilic and psych rot rophic contamination; 
however, in some slaughterhouses for geese and ducks, depending upon the 
microbiological quality of the cooling water used, increases in the fecal 
coliforms and pseudomonads can occur. Flaming to remove residues of hair 
can also reduce superficial contamination of hog carcasses. 

Qualitative changes in the microbial flora during evisceration can vary 
considerably with respect to the techniques used, particularly the manner in 
which they are applied. Numerical increases in psychrotrophic bacteria are 
often due to the growth of Pseudomonas , which, in turn, is related to the 
microbiological quality of the water used. Poor evisceration techniques, 
manual or mechanical, can lead to intestinal rupture with subsequent 
superficial contamination of the carcass by fecal bacteria, including E. coli 
and Salmonella. 

After the slaughter, dressing, and so on, and prior to cooling, the 
superficial contamination is a mixture of mesophyllic and psychrotrophic 
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bacteria, with the proportion of each being dependent upon the predominant 
source of contamination and the prevailing ecological growth conditions. 
Various factors influence contamination during the subsequent cooling, 
whether by air or water. At one time, the cooling air humidity was believed 
to be a critical factor; however, Scott and Vickery (1939) showed that as long 
as the air velocity was sufficient to produce surface drying, neither the 
humidity nor the cooling time has a significant influence on the surface 
contamination. While cooling can preferentially favor psych rot rophic 
growth, the bacterial level at the end of cooling is primarily dependent upon 
the initial level of contamination rather than on the prevailing conditions of 
cooling. While the primary goal of water cooling is to cool the product, 
there is also the washing which can effect a microbial reduction. However, 
there is also the possibility of animal-to-animal cross-contamination. 

Because of the large diversity of the species exploited, the methods 
used for evisceration and preparation of fish vary considerably. Fish 
becomes contaminated very quickly as it is drawn from the water; therefore 
it is very important that it be thoroughly washed upon its arrival at the 
processing plant and that good hygienic conditions be maintained throughout 
its preparation chain up to and including the canning process. Shaw et al. 
(1964) reported that a delay in filleting resulted in an extension of the shelf 
life, while Townley and Lanier (1981) found that, in certain cases, immediate 
evisceration added 7-10 days to the preservation life when compared with 
that of noneviscerated iced fish. 

The microbiological quality of cured, salted, and smoked products is 
dependent upon that of the raw material, the subsequent transformation 
operations, and the treatment substances used, particularly the brine. The 
presence of significant numbers of specific spoilage bacteria (e.g., 
Pseudomonas) can be evidence of poor hygienic conditions and indicates 
poor product quality (Gardner, 1980); however, their low salt tolerance 
generally prevents their growth. Vibrio spp can also be an indicator of the 
microbiological quality of brined products. In some instances, other bacteria 
like E. coh y Salmonella , St. faecium , or Klebsiella aerogenes can be found in 
the brine. 

3.4.1.1 Evolution of the Microflora during Storage 

During storage of animal products prior to their canning, the bacteria 
present can grow. Thus the subsequent microbial quality will depend upon 
the amount and type of bacterial substrates present, the prevailing 
environmental conditions, and the numbers and types of bacteria present. 

When meat is ground, the muscle cells are fractured and substances 
essential for microbial growth are released. The mechanical action of the 
grinding tends to admix the contaminating microorganisms throughout the 
mass. 
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Table 3.1. Minimal Water Activity for Some Microorganisms to Support 

Growth 


>0.94 

Bacteria only 

0.98 

Clostridium, a 
PseudomonasP 

0.94 

Lactobacillus , 
Microbacterium , 
Pediococcus, 
Streptococcus, b 
Vibrio h 


Bacteria 

Yeasts 

Molds 

0.93 

Lactobacillus 

Streptococcus 


Rhizopus 

Mucor 

<0.94-0.80 


Saccha romyces^ 

AspergilluJ* 

Penicillium 

Emencella 

Eramascus 

0.75 

halophilic 

bacteria 


Aspergillus/* 

Wa Hernia 


Source : From Rodel and Krispien. 
a C. botulinum , type C; b some strains. 


3.4.1.2 Effects of Microbial Substrates on Preservation 

Spoilage is influenced by the presence and availability of substrates. While 
skin and muscle have different cellular structure and composition, both can 
be altered during slaughter and the subsequent operations. Scalding alters 
the histological structure of poultry skin, and the alterations are increased 
with increased scalding temperature, which, in turn, affects the preservation 
life. Pseudomonas , the primary agent in microbial spoilage, grows better on 
scalded skin as compared with the unscalded and more rapidly as the 
scalding temperature is increased. 

The surface water activity (a w ) which significantly influences microbial 
growth as shown in Table 3.1, is another factor that affects carcass 
preservation and can explain the preferential growth of specific 
microorganisms in brined products. To maximize the preservation time of 
poultry carcasses the surfaces should be sufficiently dry to discourage 
microbial growth. Unfortunately, present methods used to determine the 
surface a w are not sufficiently precise to be used as a predictive test. 
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Alterations to muscle tissue following slaughter are predictable, and 
since bacteria preferentially utilize glucose, its presence in muscle acts to 
delay the onset of putrefaction. The fall of pH after slaughter leads to a 
denaturation of certain proteins, liberation of cathepsins, and subsequently 
limited proteolysis. 

Dark, firm, dry (DFD) meat with an elevated pH, a normal occurrence 
in meat from animals stressed prior to slaughter, putrefies more rapidly than 
meat from unstressed animals, especially when vacuum packed. Aeromonas 
spp and Pseudomonas spp are significant microbiological causes of 
putrefactive spoilage of DFD meats, whereas their growth is inhibited at a 
pH < 6.0. In spite of this, the absence or disappearance of glucose is 
probably a more important factor than the pH in the onset of putrefaction. 
Barnes and Impey (1968) found a marked variation in the pH in different 
parts of poultry carcasses, with breast at 5.7, compared with 6.65 for the 
thigh, and that the influence of these different pHs on the activity of certain 
bacteria is predictable. For example, some varieties of nonpigmented 
Pseudomonas grow preferentially on breast muscle while thigh muscle shows 
significant growth of certain Acinetobacter. Similarly, Colin (1982) found the 
pH for turkey breast meat to be 5.79 and that of the thigh to be 6.26. The 
microbial activity in both kinds of meat generally followed the same path 
(i.e., a slight reduction during the first 3 days, followed by a definite increase 
over the next 3 days, and then a stabilization or even a slight reduction). As 
with the red meats, these variations in the pH are related to preslaughter 
stress. 

The chemical composition of the carcasses and the products made from 
them significantly affects bacterial growth. Numerous studies have shown 
that animal nutrition has a profound effect on the chemical composition of 
animal tissues. 

From the foregoing, it can be concluded that the final product quality 
after a specified storage time is dependent upon the factors present at the time 
of slaughter, as well as on an assembly of factors introduced during the whole 
chain from animal rearing, transportation, holding , slaughter ; preparation, and 
storage. 

3.4.1.3 The Levels and Types of Superficial Microorganisms that Influence 

Storage Life 

Preservation during storage is generally dependent upon the types and levels 
of microorganisms present at the time storage commences. The lower the 
microbial levels are at the time of storage, the longer the storage life will be. 
To decrease or minimize product contamination at the time of storage, it is 
necessary to identify and control those points critical in the contamination 
of the product during the complete growth/slaughter/preparation chain. 

The types of microorganisms present, as well as their levels, affects 
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preservation during storage. Some bacteria can produce off-odors and 
flavors, like the sulfurous, fruity, or cooked milk flavors of some 
Pseudomonas or the H 2 S liberated by Alteromonas putrefaciens. While the 
conditions of storage will dictate which microorganisms will grow and 
become dominant, they must at first be present. Bacterial growth is not the 
only cause of off-flavors in meat because enzymes native to the meats can 
cause undesirable flavor changes, and can supersede the microbial ones 
under some conditions. 

3.4.2 Transformation of Vegetables 

Washing reduces less than 10% of the surface microflora in some products 
(Adams et al., 1989). The surface contamination can be reduced to 
one-fifthieth of its original level by adjusting the pH of the wash water to 
between 4.5 and 5.0, and chlorinating at 100 mg/L. The residual micro¬ 
organisms are protected by hydrophobic pockets in the convolutions of the 
vegetable surfaces, which cannot be wetted by the washing solution. Some 
microorganisms remain, as they have the ability to form a strong surface 
adherence. Running water is preferable to batch steeping because dormant 
water can leave the microorganism in place. Further reductions can be 
attained by adjusting the composition of washing media, [e.g., the A-VH-C 
process used in the United States for mushrooms, which involves hydration 
under vacuum in a solution that contain 0.05 M citric acid (pH of 3.5) and 
200 ppm ethylene diamine tetracetic acid (EDTA)]. 

While sorting, peeling, trimming, and skinning operations also reduce 
contamination, fresh surfaces are created that become contaminated, and 
numerous injuries occur that permit the microflora to penetrate more deeply 
into the tissues. Blanching is also effective in reducing microbial 
contamination; however, in the case of hot water blanching, the 
temperatures used can be selective for the proliferation of thermophilic and 
thermoresistant organisms. In such cases, frequent cleaning and disinfection 
are advised. 

3.4.3 Recontamination 

At the outset of this chapter, the microbiological concerns of the canner 
were stated. Two, underprocessing and postprocess contamination 
(recontamination), are the most serious, as they both present economic 
problems and risks to the public health. Diligent application of the 
knowledge gained over the years on the thermal resistance of the 
microorganisms of concern, along with the improved design and control of 
the thermal processing equipment has seen underprocessing become 
comparatively rare. However, the same cannot be said for postprocess 
contamination, as it has resulted in spoiled product and subsequent 
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economic loss, but also serious public health problems (Stersky, 1980). In 
many instances, the absence of competing microflora allows the more rapid 
growth of the recontaminating microorganisms. 

The following reports were selected to illustrate the problem and 
indicate the critical factors involved. Pflug et al. (1981) analyzed 1,104 
obviously swollen canned foods taken at the retail level. The incidence of 
swollen cans varied considerably depending upon the product type, from a 
low of 2.1 to a high of 78.4 per 100,000 cans. Major container defects were 
found in 28.4% and were assumed to be the primary cause of the 
recontamination. Microbiological analyses of the cans showing no evidence 
of major container defects showed 86% with typical leaker spoilage, 7% 
evidence of underprocessing, 1% thermophilic spoilage, and 6% with no 
identified microbiological cause (i.e., chemical). 

In a later study, Ababouch et al. (1987) reported that of 946 cans of fish 
suspected of being spoiled, which were collected from local stores and 
canneries in Morocco, 484 cans (51%) had major container defects. Leaking 
seams at the can manufacturer’s end and droops and vees on the canner’s 
end were the most prevalent defects (36 and 28%, respectively). 
Microorganisms were recovered from 168 of 256 cans, of which 72% 
contained typical leaker spoilage organisms. The most probable causes for 
spoilage were: leakage, 80%; nonmicrobial swells, 10%; underprocessing 
10 %. 

Acid canned foods are not exempt from recontamination, as is 
illustrated by an Italian study (Vicini, 1986) conducted over 17 years on 
canned tomatoes. Of the total Italian production (e.g., tomatoes peeled, 
concentrated, pastes, juice, etc.) for the period of the study, 1,362 defective 
containers were found, of which 957 had a microbial cause and 395 
concerned the presence of extraneous matter. Upon examination of the 
contaminated cans 41.9% showed evidence of postprocess contamination, 
36.8% contained benign microflora due to underprocessing, 2.5% contained 
only thermophiles, 2.6% minimal spoilage, and 16.1% had microflora not 
identified. 

While a major cause of postprocess contamination is related to the 
occurrence of serious container defects that have compromised the container 
integrity, there is also the factor of microleaks that can occur randomly and 
be of very short duration during cooling and handling, as was so well 
demonstrated by Put et al. (1972). 

In the case of consumer complaints of spoiled product or illness related 
to the consumption of a canned food, it is important to determine whether 
the contamination and subsequent growth took place before or after opening 
of the container. Once a canned food has been opened, it is prone to 
recontamination, and, under suitable conditions, growth can take place 
rapidly. Investigators are advised to determine the complete history of such 
products before reaching any conclusions as to the cause. For guidance in 


112 


FOOD CANNING TECHNOLOGY 


the conduction of any such investigation, the reader is directed to the 
Guideline Procedures to Establish the Microbiological Causes of Spoilage 
in Low-Acid and Acidified Low-Acid Canned Foods, Appendix IV, The 
Codex Alimentarius Recommended Code of Hygienic Practice for Low-Acid 
and Acidified Low-Acid Canned Foods, CAC/RCP 23-1979, Rev. 1 (1989). 

3.5 CONCLUSION 

I’his chapter has presented the manner in which microorganisms can affect 
the quality of both raw and finished products. To optimize thermal 
treatments and end-product quality it is essential that good hygienic practices 
be rigorously followed during the entire food chain, particularly during 
storage of the raw materials. Installation of the universally accepted Hazard 
Analysis and Critical Control Point (HACCP) system can ensure that those 
points critical for microbial contamination and subsequent growth are 
controlled. The application of this system in production has been well 
described in Volume 4 of Microorganisms in Foods , ICMSF (1988). The 
Codex Alimentarius Commission advocates the use of this system at all 
stages of food production, preparation, processing, packaging, transportation, 
and storage and is incorporating its principles into codes of hygienic practice. 

In addition to those points specific for the control of microbial 
contamination and growth, the overall hygienic practices must always be kept 
in mind and followed. Temperature plays a key role in the growth of 
microorganisms and the degradation of product quality, and it should be 
controlled at all stages to minimize proliferation. The facilities in which 
animals are bred, raised, slaughtered, and their products are prepared, 
transported, and stored, as well as those employed in the harvesting, 
transportation, and storage of fruit and vegetable products, should be 
designed and constructed to minimize and control environmental 
contamination, accumulation of dirt, dust, and so on, and be capable of 
being cleaned and where necessary disinfected. Product flow should be such 
that cross-contamination and prolonged delays where susceptible products 
are being exposed to adverse conditions are avoided. Personal hygiene of 
all food handlers is important and should always be supervised. 

Microbial contamination of raw products destined for canning is 
inevitable. Therefore, hygienic practices should be those that will minimize 
contamination from production to thermal processing and even after to 
minimize postprocess contamination. Raw products progressively lose 
quality as they pass through the transportation, storage, and processing 
chain. Therefore, continued vigilance, especially as it relates to hygienic 
practices, must be maintained right up to the thermal treatment and beyond. 
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THERMOBACTERIOLOGY 


4.1 INTRODUCTION 

The aspects of thermobacteriology (coined by Stumbo) to be reviewed in this 
chapter are the thermal resistance of microorganisms, their destruction by 
heat, and growth inhibition. Microbial destruction research started about 
the beginning of the century; however, it was only around 1920 that workers 
like Estey and Meyer (1922) truly determined the heating conditions that 
would guarantee canned food safety. While there has been a resurgence in 
interest in thermobacteriology, especially as it relates to the pasteurization 
of refrigerated foods, most of the theoretical bases were established prior to 
1977. 

It is not the intention of this chapter to deal with the subject in depth. 
The reader is advised to consult the classic works on thermobacteriology of 
Ball and Olaon (1957), Stumbo (1973), and Block (1983), among others. 
The intent here is to review in a pragmatic and fundamental manner those 
aspects of the mechanisms and kinetics of the action of heat upon 
microorganisms that are critical to understanding thermal processing of 
canned foods. 

4.2 THERMAL RESISTANCE 

Microorganisms, including spores, have characteristic and different thermal 
resistances. In addition to that recounted by Lery (1988), the thermal 
resistance of microorganisms results from the action of a number of 
endogenous (i.e., genetic, physiological age, water content, microbial 
aggregate flora) and environmental (i.e., presence of diverse lipid and 
protein stabilizers, the nature and content of inorganic salts, concentration 
of glucides) factors. Even though a thermal treatment may have originally 
been designed to attain microbiological stability (i.e., commercial sterility) 
any one or combination of these factors can be the cause of nonsterility (i.e., 
underprocessing) due to microbial survival. 

4.2.1 Virus 

While a few minutes at 50-70°C is sufficient to denature the proteins in the 
viral capsid (i.e., protein membrane enveloping the viral DNA), the nucleic 
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acids can remain infectious when extracted from the denatured virus. In 
order to inactivate the viral nucleic acids, a higher input of heat is necessary. 
The actual thermal resistance in canned foods is not relative since most that 
have public health significance, such as hepatitis A virus, papillated or not, 
are totally denatured in at least 10 minutes in moist heat at 100°C, a process 
that is exceeded in almost all present-day thermal processes for low-acid 
canned foods. 

4.2.2 Bacteria 

The survival of undesirable bacteria in a heated medium is a more 
formidable problem. Those of most concern to canners form spores when 
vegetative growth has been restricted (Ryter, 1983) and can survive several 
hours of moist heat at 100°C. However, only a minority of the bacterial 
species are capable of forming spores, which is a cellule that is more 
resistant than the vegetative form. Sporulation permits survival of the 
organism for extended periods in a physicochemical environment not 
conducive to vegetative growth. 

4.2.2.1 Formation of Endospores 

When the availability of carbon, nitrogen, and phosphorus necessary for 
growth is limited, many species of bacteria (e.g., aerobic Bacillus, the 
anaerobic Clostridium , as well as a few Sporosarcina and Actinomycetes) 
produce dehydrated elements, or endospores that contain the essential 
cellular components (Leive and Davis, 1980). Bacterial endospores show no 
metabolic activity and are well adapted for prolonged survival under adverse 
conditions. 

In the case of B. subtilis , the metamorphosis starts with the formation of 
a "sporangium" whose cellular volume contains the mother cell and the 
prespore. An asymmetric septation creates two unequal compartments, with 
each one receiving a copy of the bacterial chromosome, but evolving 
differently in accordance with the differential expression of their genomes. 
The prespore behaves as a germinal cellule that will assure the survival of 
a clone when the mother cell whose function is to assure the maturation of 
the endospore has completed its role. A chromosomic rearrangement 
(Stragier et al., 1989) produces a new sequence and is one of the major 
determinants of the metamorphosis in the mother cell. The product of this 
new composite gene is a protein called a 27 (or sigma K) and is one of the 
subunits of RNA polymerase, regulating protein, at the transcribing stage in 
cellular development. 

The structure of an endospore is represented in Figure 4.1. The 
bacterial DNA is bicatenary, circular, not rearranged, folded in loops more 
than 800 times on itself, and lies in the dense cytoplasm, slightly hydrated, 
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Figure 4.1. Stages in the maturation of a clostridial spore (A) and schematic view 

of a mature bacterial endospore (B). (From: La Conserve appertisee: 
aspects scientijiques, techniques et economiques by Larousse, Copyright 
1991 by Technique et Documentation - Lavoisier, Paris. Used with 
permission.) 


rich in ribosomes and transfer RNA, but deprived of messenger RNA (Leive 
and Davis, 1980). Amino acids are virtually absent. The residual energy is 
stored in the form of mono- and diphosphate ribonucleosides, but especially 
3-phosphoglycerol. Due to a cyclic activation and reciprocal repression of 
a number of operons, only 20% of the genes are expressed in the prespore, 
which results in the absence of the Krebs cycle enzymes. 

In the bacterial cell, the two genomes are separated by invagination of 
the plasmalemma (Ryter, 1982). The oval prespore is isolated in the center 
of a double membrane within which the spore wall will be developed. The 
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wall provides an irreversible osmotic stabilization to the endospore and the 
elements necessary for the germination. The cortex, formed around the 
fourth hour of the transformation and representing 15% of the spore mass, 
contains very elevated calcium dipicolinate levels, a substance that activates 
the dehydration of the prespore cytoplasm in the course of its maturation 
(Wainwright, 1988). The muramic acid of the cortex is bridged by dipeptide 
links (Leu-Ala) instead of a vegetative tetrapeptide. The resulting three- 
dimensional structure is very serrated. The very thick coat is rich in keratin, 
which shows a number of disulfide bridges and represents 80% of the total 
protein content of the spores. 

The mother cell is responsible for the formation and placement of the 
most external coat (exosporium), which provides the extraordinary resistance 
of these endospores to a number of chemical products. The exosporium is 
a complex of lipoproteins that comprises 20% of glucosidic compounds and 
requires 90 minutes for completion. While not essential for survival, it 
appears to be implicated in the germination process. 

Spore germination is initiated under the influence of a stress (e.g., heat 
shock, pH deviation, SH compounds, etc.). A storage protein of low 
molecular mass in the cytoplasm is hydrolyzed in 10 minutes and charges the 
transfer RNA. The coat starts to autolyze and becomes more and more 
permeable to water and to various activating solutes such as alanine or 
manganese ions (Leive and Davis, 1980). The peptiglucides are hydrolyzed 
and the cortical barrier collapses. The spore cell rapidly absorbs water, and 
some ions and simultaneously loses its refractivity and its thermal resistance. 
The phosphoglyceric acid is then converted to ATP. 

The final stage, if the appropriate environmental physicochemical 
conditions permit, involves the return to the normal vegetative form in which 
synthesis of messenger RNA is reestablished, promoting active protein 
synthesis. DNA replication is initiated, and the cellular volume is doubled 
1 hour later. 

4.2.2.2 Induced Thermal Resistance 

The thermal inactivation characteristics of pure strains of many 
microorganisms have been determined by numerous methods (e.g., TDI 
tubes and cans, thermoresistometer, etc.). The innovation of the 
computerized thermoresistometer (Brown et al., 1989), which is capable of 
controlling and measuring the temperature to 0.1C° and time to 0.1 seconds, 
permits the study of the effects of temperatures in excess of 121°C and for 
times less than 1 second as well as the effects of rapid temperature changes. 

Prevention of the germination and outgrowth of surviving spores is one 
of the prime factors in canned food stability. The pH is particularly 
important and is the prime factor in the stabilization of acidified low-acid 
canned foods. While not the sole factor involved, reduced pH, or 



THERMOBACTERIOLOGY 


121 


acidification, sensitizes endospores to heat (i.e., reduces thermal resistance). 
However, the results can be variable depending upon the nature of the 
acidifying agent used (Lynch and Potter, 1988) and the preincubation 
temperatures (Graham and Lund, 1987). 

Dormant spores of B. stearothermophilus , preincubated at sublethal 
temperatures from 63 to 100°C, exhibit an increased thermal resistance 
(Etoa and Michiels, 1988). The effect is greater when the heating gradient 
applied in the preincubation is gradual. C. botulinum can produce 
superdormant spores (Sebald, 1982) with increased thermal resistance, which 
appears to be linked to a loss of the endogenous enzymatic activity necessary 
for germination. In this case, a lysozyme must be used to induce 
germination. 

The presence and quantity of long-chain fatty acids, calcium, and iron 
in the medium and its water activity plays a major role in increasing the 
thermal resistance. Increasing the osmotic pressure of food products by 
addition of solutes or by dehydration can induce increased thermal 
resistance. In practice, there is an interaction between the many factors that 
affect the thermal resistance of bacterial or fungal spores that makes the 
application of in vitro results obtained in a simple nonfood medium difficult. 

4.2.3 Fungi 

While ascospores are the most thermally resistant forms of molds, their 
resistance is generally less than that of the bacterial spores (Botton et al., 
1985) and can be a problem in products that receive less intense thermal 
treatments (pasteurization), such as in canned fruits and fruit products, the 
species most often cited are Byssochlamys fulva and nivea, Talaromyces flaviis, 
Neosartorya fisc hen , andEupencillium brefeldianum (Baggerman and Samson, 
1988). Mathematical models and kinetics have been elaborated for 
predicting their thermal inactivation (Stadler, 1985). As is the case with 
bacterial spores, the individual strain characteristics, the physiological state 
of the ascospores, and the environment in which they enclosed influence 
their capacity for resistance (Connor and Beuchat, 1987). 

4.2.4 Toxins 

The thermal resistance of bacterial toxins is dictated by their globular 
proteins. Some, like the Staphylococcal and botulinal toxins, exhibit elevated 
thermal resistances; however, the thermal processes used in canning are 
generally considered sufficient for their irreversible inactivation. However, 
Dangerfield (1973) showed that Staphylococcal enterotoxins, formed prior 
to canning, remained biologically active after thermal processing. 

Mycotoxins elaborated by a large number of molds are considerably 
more thermostable. They are produced under adverse harvest and storage 
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conditions (i.e., high relative humidity or water activity). Canned fruits and 
vegetables are potential vectors for mycotoxins (Derache and Derache, 
1986). While the aflatoxins of Aspergillus flavus and parasiticus represent the 
most serious health hazard, there are other toxigenic species, such as 
Penicillium expansum , crustosum , glabrum , thomii, italic um, digitatum, 
Aspergillus alutaceus, and some representatives of the species Alternaria, 
Cladosporium, and Fusarium , which are commonly found on fruits and 
vegetables (Moreau, 1979). Except for patulin, it is very difficult for the 
mycotoxins to diffuse from infected to healthy tissues (Frank, 1987). 
Therefore, except for tomatoes and apples, which are prone to the 
development of patulin, peeling or otherwise, removal of the affected tissue 
is an effective control measure. It has been often noted that the optimal 
conditions for the biosynthesis of mycotoxins are different from those 
required for fungal growth (Cuero et al., 1987) and that the toxigenesis is a 
property of the strain, not the species. 

The thermal denaturation of mycotoxins requires an energy input 
superior to that realized in canning. Mahjoub and Bullerman (1988) 
reported that the aflatoxin B1 survives deep frying. Betina (1989) specified 
that its complete decomposition is only attained at atmospheric pressure at 
a temperature of 267°C and that similar values ranging from 190 to 300°C 
have been found for other mycotoxins. While the mycotoxins in affected raw 
products can be considerably diluted when mixed with unaffected product, 
low levels may not be acutely expressed, but may result in long-term chronic 
conditions that are not easily recognized by clinicians. To control this 
hazard, industry must maintain a continued and increased vigilance when 
vegetable and fruit raw materials are stored for periods longer than a few 
weeks. Condiments, spices, fatty materials, and the like are especially prone 
to mold contamination and growth. 

4.3 DETERMINING THERMAL RESISTANCE 

For many canners, if not all, the means and methods used to determine the 
thermal resistance of an organism are of academic interest only. Thanks to 
the efforts of the many researchers in this field over the past years, the 
thermal resistance of vegetative cells and spores of those microorganisms 
critical to the thermal processes have been defined in a manner that is used 
to derive and verify the thermal processes. The derivation of a thermal 
process will be the subject of a later chapter. However, it is important that 
those involved in canning should understand the principles and methods as 
well as those critical factors that can affect the results in order to have a 
better comprehension of the thermal processes involved and the means for 
their control. The methods may also be used when investigating the causes 
of outbreaks of spoilage in canned foods. While the methods described 
herein specifically cite those more thermally resistant forms (i.e., the spores), 
they may also be applied to vegetative cells. 
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The following steps are basically involved in determining the thermal 
resistance of an organism: 

1. Selection of the particular strain of the organism of interest. 

2. Isolation of the strain and verification of the purity. 

3. Culturing to obtain numbers cells or spores sufficient for the intended 
purpose. 

4. Exposing known numbers of cells or spores to a succession of 
time/temperature processes in a suitable medium. 

5. Determining the number of surviving cells or spores for each 
time/temperature sequence. 

6. Evaluation and correlation of results. 

4.3.1 Selection of the Test Microorganism 

The selection of the test microorganism is very dependent upon the reason 
for determining the thermal resistance. For example, if the main concern 
is thermophilic spoilage, then the flat sour group (Table 4.1) would be most 
appropriate. Since these are more thermally resistant than C. botulinum , 
safety could also be assured depending upon the risk factor chosen for the 
thermophilic spoilage. If safety is the main concern and not thermophilic 
spoilage, then C. botulinum would be the organism of choice. However, 
because this is a pathogen that produces a very potent toxin and requires 
special resources as well as trained and experienced operators, C. sporogenes 
or other organisms that have thermal resistances slightly higher than C. 
botulinum are generally used. Cultures and/or spores of strains that have 
known thermal resistance parameters can be obtained from a number of 
sources (e.g., American Type Culture Collection). However, it should be 
pointed out that the methods used for culturing, isolating, purifying, and so 
on can and do have a profound effect of the thermal resistance, as do 
successive generations. Therefore, the thermal resistance should always be 
verified each time before a crop of the test microorganism is used, preferably 
in a neutral pH phosphate buffer that can be used as a form of standard for 
subsequent comparison. 

In investigations on the causes of spoilage in canned foods, 
determination of the relative thermal resistance of isolates obtained from 
spoiled product can often assist in designating the most probable cause. 
Once again, it must be stressed that each isolate should be identified and 
grown in pure culture prior to submission to thermal testing. The thermal 
resistance of organisms in their natural environment is frequently different 
from that shown after being grown in the laboratory. Therefore, care should 
be exercised when making any conclusion with respect to corrective thermal 
processes. 
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Table 4.1. Comparative Heat Resistance of Bacteria Important to Canned 

Foods* 


Bacterial groups 


Approximate 
Range of Heat 
Resistance* 

D z 


Low-acid foods (pH > 4.5) 

Thermophiles (spores) 

Flat-sour group 
(Bacillus stearothermophilus) 
Gaseous-spoilage group 
(Clostridium thermosaccharolyticum) 
Sulfide stinkers (.Desulfotomaculum 
[Clostridium] nigrificans) 


Mesophiles (spores) 
Putrefactive anaerobes 


C. botulinum types A and B 
C. sporogenes group (including PA 3679) 


D 2S0 

4.0-5.0 14-22 

3.0-4.0 16-22 

2.0-3.0 16-22 

0.10-0.20 14-18 

0.10-1.5 14-18 


Acid foods (pH 4.0-4.5) 



Thermophiles (spores) 

B. coagulans (facultatively mesophilic) 

0.01-0.07 

14-18 

Mesophiles (spores) 

D 2 12 


B. polymyxa and B. macerans 

Butyric anaerobes (C. pasteurianum) 

0.10-0.50 

0.10-0.50 

12-16 

12-16 

High-acid foods (pH < 4.0) 

^150 


Mesophilic non-spore-bearing bacteria 
Lactobacillus sp., Leuconostoc sp. t yeasts, and 

0.50-1.00 

8-10 


molds 

? Source : From Stumbo (1973). 

D and z values in terms of Fahrenheit degrees. 

4.3.2 Preparation of Test Microorganisms 


Microorganisms used in thermal resistance studies should generally represent 
a single strain of any species. Crops should be stable (i.e., replicate aliquots 
of the suspension should contain the same number of spores or cells, within 
the limits of the statistical precision of the enumeration method used, and 
should remain unchanged during the entire test series). As the thermally 
resistant spores are of prime interest to canners, their preparation will be 
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outlined here. Many of the steps involved, however, as well as some of the 
critical factors, apply equally to the harvesting of crops of vegetative cells for 
similar studies. 

4.3.2.1 Preparation of Bacterial Spore Suspensions 

The production and harvesting of spore crops is not a procedure for the 
novice, as it requires extensive knowledge, training, and experience. Each 
species and even strain of a species can require special handling in order to 
obtain good yields with maximum thermal resistance. The methods used can 
impact directly on the resultant thermal resistance of the spores obtained. 
Therefore, a reader interested in following such a procedure would be well 
advised to consult more detailed works on the subject, such as that of Gould 
and Hurst (1969). 

Sporulation is a process that follows the cessation of all vegetative 
growth (i.e., cellular division). To produce the maximum number of spores 
requires the production of an appropriate number of vegetative cells of the 
microorganism. The resultant culture is then allowed to form spores in a 
suitable sporulation medium and incubated until sporulation ceases. During 
incubation of cultures for spore production, continuous microscopic 
examination of the cultures is extremely important in order to determine 
when spore harvest is indicated. Incubation should be long enough to obtain 
mature spores from a high percentage of the cell population. However, with 
some species, incubation should not be extended much beyond this. 
Regermination, (i.e., germination of some of the spores produced in the 
culture), may occur (Stumbo, 1973). The yield (i.e., the proportion of cells 
that have given birth to spores) is a major factor in the preparation of a 
spore lot. It is interesting to note that spores isolated from underprocessed 
and/or spoiled product generally exhibit low yields (i.e., from 1 to 10%). 

Some empirical rules for the formulation of a sporulation media are 
known, such as control of pH at the end of growth phase, reduction in 
available carbon, and presence of complex nitrogen sources (i.e., protein 
hydrolyzates). However, optimal sporulation media tend to be specific to 
the particular strain for which they were designed. Spore yields can vary by 
a factor of from 1 to 10 using the same method and within laboratories. 

The spores are harvested at the end of the incubation period. The 
harvested spores should be washed at least five times with sterile distilled 
water and appropriate centrifugation. Following washing, spores should be 
treated by sonication to destroy sporangia and vegetative cells and free the 
spores. The sonicated spores are then washed with sterile water at least 10 
more times using centrifugation and resuspension. The recovered spores can 
be suspended in sterile distilled water in vials and stored refrigerated or 
fozen at -15—20°C. They can also be suspended in a 50% aqueous glycerol 
solution containing 0.25% Tween 80; however, these should kept 
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refrigerated, not frozen. When needed, a frozen spore suspension should be 
thawed by placing the vial in lukewarm (ca. 30°C) water for several minutes. 

4.3.3 Enumeration of Spore Populations 

The concentration of spores in the final spore crop suspension should be 
determined so that selected aliquots can be used to form test suspensions 
that will have the required spore populations. The enumeration should also 
be extended to the test suspensions in order to verify populations prior to 
their exposure to thermal treatment. Microbial enumeration is dependent 
upon the methods employed. Many species require specific culture media, 
the composition of which must be carefully formulated and controlled, with 
particular attention to pH, redox potential, and the like as well as the 
incubation conditions, aerobic/anaerobic, temperature, and time. 

There are two basic methods, one in which the number of colonies that 
appear on or within the surface of a solid culture medium is counted and 
expressed as colony forming units (cfu); the other of which is the most 
probable number (MPN), which is derived from the presence or absence of 
growth in specified dilutions of the inoculum in a culture medium. By 
convention, the number of microorganisms in a population is equal to the 
number of cfus counted times the dilution factor, or to a most probable 
number derived from specific probability tables for this purpose and the 
dilution factor. In both cases the medium and incubation conditions used 
are generally chosen to obtain the maximum number of microorganisms and 
to which specific reference is made. 

The spores must be permitted to germinate to form vegetative cells, 
which are then grown on or in a suitable medium. In the germination the 
spore becomes hydrated with reduced thermal resistance. With the initiation 
of nucleic acid and protein synthesis, the vegetative cell emerges from the 
spore casing followed by cellular expansion up to the point of the first 
cellular division. In some instances, germination occurs spontaneously at the 
end of sporulation, during the refining operations, and/or during storage. As 
germinating spores have lost their heat resistance, their presence 
proportionately reduces the spore population that is usable for heat 
resistance tests. Initiation of germination requires the presence of specific 
low molecular weight compounds (e.g., glucose, certain amino acids, and 
some nucleotides) in the culture medium whose composition tends to be 
species and strain specific. The time required for the completion of the 
germination varies from species to species, strain to strain, and even within 
a spore crop, and it may require hours to many weeks to overcome what is 
called spore dormancy. Both the speed of germination and the proportion 
of the spores to germinate can frequently be increased by heat shocking (i.e., 
moderate preheating of the spores). This phenomenon, called heat 
activation , is not always taken into consideration in the experimental 
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protocols for studying the destructive effects of thermal treatments. Its 
omission can affect the enumeration of the surviving spores as well as the 
interpretation of the results. This will be discussed in Section 4.4.1. 

4.3.4 Methods for the Determination of Thermal Resistance 

The methods generally expose simultaneously a preselected number of sealed 
units, each containing the same number of cells or spores as well as type and 
volume of heating menstruum. These units can be composed of: 

• sealed Fyrex or screwtop closed glass (TDT) tubes containing 1-5 ml or 
metal tubes with screw closures containing 1 ml of the liquid menstruum, 
which permit work at elevated temperatures and rapid heat transfer; 

• glass capillary tubes containing 0.01 ml of a liquid menstruum, which 
permits work at elevated temperatures and with its relatively rapid heat 
transfer a considerably reduced come-up time, i.e., time to attain the test 
temperature; 

• TDT cans containing 20 g of product, which permits the utilization of 
actual food products as the heating menstruum (solids, semi-solids, and 
even heterogeneous mixtures of liquid and particulate matter). 

I he test units should always be hermetically sealed, which allows them 
to be completely immersed in a water bath for temperatures up to 90°C or 
polyglycol for those above 90°C. Miniature retorts have been constructed 
for heating in steam under pressure; however, the capacity must be limited 
to ensure that each unit receives the same heat treatment. In order to 
reduce the come-up time as much as possible, equipment has been 
developed in which open cups are placed in an atmosphere of saturated 
steam under pressure. Various thermoresistors that employ this principle, 
in which pneumatically operated pistons control the entry and withdrawal of 
the cups from the vapor chamber, have been used. A more detailed 
description of the classical methods for determining thermal resistance can 
be found in the work of Stumbo (1973) or The Laboratory Manual for Food 
Canners and Processors, Volume 1, Microbiology and Processing, 1978, 
compiled by the National Food Processors Association and published by the 
AVI Publishing Company, Inc. 

There is also a method that utilizes the reactor principle, in which the 
liquid menstruum is preheated to and equilibrated at the desired 
temperature, followed by the addition of a concentrated suspension of the 
microorganism. Sample aliquots of the inoculated liquid menstruum are 
taken at predetermined times. This system is fairly uncomplicated for 
determining the survival curves at temperatures below 100°C, but 
complicated at higher temperatures when it is required to take samples from 
a reactor under the pressure necessary to maintain the temperature. Care 
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must be taken when using this methodology to avoid tailing, which can result 
if the reactor temperature is not homogenous or if the sampling equipment 
becomes contaminated (e.g., contact of the pipette with the collar of the 
reactor). 

4.3.5 Enumeration of Microorganisms Following Thermal Treatment 

Special precautions are required when enumerating microorganisms that 
survive a thermal or any other destructive treatment. Culture media 
developed for optimal and repeatable results in the enumeration of bacteria 
not previously exposed to a thermal treatment can give highly variable results 
when used for the enumeration of those surviving a thermal treatment. For 
the enumeration of survivors, preference should be given to culture media 
that contain protein hydrolyzates that have peptides of varying sizes as well 
as free amino acids. Yeast extracts provide the required nucleotides and 
other essential growth factors as well as an immediately utilizable source of 
carbon, generally glucose. Experience shows that the addition of starch 
favors the enumeration of surviving spores. The added essential nutrients 
fulfill a need of the surviving microorganism for immediately available 
nutrients permitting the cellular resuscitation (i.e., permit the start of growth 
despite the provisional blockage of a certain number of synthetic pathways). 
It is considered, for which there is some proof, that the surviving 
microorganisms have been damaged or injured, and that the damage can be 
more or less easily repaired (or resuscitated) under the influence of the 
appropriate culture medium. The resuscitation takes place more easily in 
a liquid than a solid medium. It should be noted that the resuscitation 
requires more incubation time than does that for undamaged cells. 

Microbial injury should not be confused with thermal stress, which is the 
consequence of a sharp variation in the temperature during growth, which 
causes a critical metabolic deviation to the manufacture of specific proteins 
(i.e., stress proteins). However, as will be seen later, thermal stress can also 
induce significant modifications in the heat resistance of stressed cells. 

4.4 EVALUATION OF THERMAL RESISTANCE DATA 

From the practical standpoint, the bacteriologist’s definition of death of 
bacteria is quite satisfactory; that is, a bacterium is dead when it has lost its 
ability to reproduce (Stumbo, 1973). Virtually all studies on death of 
bacteria have used failure to reproduce as the criterion of death, and, when 
subjected to moist heat, death expressed in terms of reduced population is 
quite orderly. However, it is vital to such studies that the maximum number 
of surviving cells be determined and every effort made to resuscitate heat 
damaged cells so that they are not included as having been killed. There are 
circumstances in which it may be of interest to differentiate between 
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damaged and undamaged cells or spores. This can be done by enumerating 
before and after resuscitation. 

There is also the question as to how the results can be expressed in a 
meaningful manner. If the surviving population following exposure to a 
stated time/temperature sequence is N and the initial total test population 
was Nq and N is less than N 0 , then there has been a reduction. However, 
there are situations, especially after very short exposure times, when N can 
be greater than N 0 , indicative of an increase. Anomalies such as this in the 
results of thermal experiments will be discussed later in this chapter. A 
reduction, expressed as Nq - N, is frequently referred to as the numbers 
killed or destroyed. This may not be accurate, as the number found to 
survive frequently depends on the methods used for the enumeration, such 
as recovery medium, enumeration medium, incubation times, and 
temperatures. 

As long as TV is not zero, then the results can be expressed as N/Nq, the 
proportion surviving, or even as a percentage (N/Nq x 100). It is frequently 
more convenient to express the populations in terms of concentrations per 
unit volume or mass of the medium in which they are suspended. Thus C Q 
and C are used to represent the initial and final concentrations, respectively. 
The proportion surviving N/Nq or C/Cq represents the thermal resistance. 
On the other hand, there are times when the effect or efficiency of a 
particular thermal treatment is of interest. The efficiency of a treatment ( E) 
can be expressed as the logarithm of the reciprocal of the proportion 
surviving: 

E = log (N<JN) = log Nq - log N (4.1) 

E = log (Cq/C) = log C 0 - log C (4.2) 

T he greater the number surviving, the lower the efficiency, and visa versa. 
For example, if Nq = 10 6 and N = 10 4 , then E = 6 - 4 = 2, as compared 

with when N = 10 2 and JET = 6-2 = 4. It should be noted that the medium 

in which the cells or spores are heated is critical to the results and should 
be selected with care. 

4.4.1 Survivor Curves 

The curves establish the relationship between the duration of the thermal 
treatment and the number of microorganisms surviving the treatment. The 
logarithmic nature of this relationship was first demonstrated in a study of 
disinfectant activity (Chick, 1910). This principle was later applied to the 
evaluation of the destruction of spores of C. botulinum by heat (Esty and 
Meyer, 1922). However, another 20 years would pass before the decimal 
reduction time, which is a parameter derived from the survival curve and is 
now a universal tool for the complete characterization of the resistance of 
a wide variety of microorganisms to thermal treatment, or, for that matter, 
of any destructive treatment (e.g., disinfectants, ionizing radiation, etc.), 
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would be fully exploited in the calculation of the scheduled process for 
sterilization. 

4.4.1.1 Construction of Survival Curves 

The heating time is the only variable permitted in the derivation of the 
experimental data for survival curves; all other sources of variation must be 
kept constant. In such studies replicate aliquots of the microbial suspension 
in the heating menstruum are heated at the same temperature for different 
periods of time and the survivors enumerated after each time period. 

The logarithm of the survivors (log N or C) is plotted against heating 
time. To facilitate subsequent calculations, the ordinate should be numbered 
so that the original population (/V 0 ) appears in the upper left hand of the 
graph, as shown in Figure 4.2. However, it is advantageous in some 
instances to plot the log of the fraction surviving (log AWV Q ) or the 
percentage of survivors (log N/Nq + 2). Scaling the ordinate axis in this 
manner has a theoretical and perhaps psychological basis as the survival 
curve stops at the last experimental point, although it can be extended by 
extrapolation or in the event of further data, such as, by increasing A/ 0 , or 
enumerating very low numbers of survivors (jV) (i.e., <30). 

It should be remembered that forenumeration methods that require the 
counting of colony forming units on a solid medium, counts <300 are 
statistically suspect. Depending upon the dilution factor and the number of 



Figure 4.2. Survivor curve. Three different ways to scale the ordinates are 

illustrated. In order to clearly show that the ordinates go to minus 
infinity and not zero, the abscissa axis is plotted at the top of the 
graph, contrary to custom; D = decimal reduction time. (From: La 
Conserve appertisee: aspects scientifiques, techniques et economiques by 
Larousse, Copyright 1991 by Technique et Documentation - Lavoisier, 
Paris. Used with permission.) 
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tubes used, the MPN methods permit determination of survivors of <1 per 
unit volume or mass within a predictable error. 

4.4.1.2 Decimal Reduction Time 


Since death of bacteria is generally logarithmic, it is convenient to consider 
it strictly so and to account for slight deviations as they may occur. Thus it 
can be described mathematically in the same manner as a unimolecular or 
first-order bimolecular chemical reaction in which one substance reacts with 
the rate of decomposition being directly proportional to its concentration. 
In a first-order bimolecular reaction one reactant is in such great excess that 
variation in its concentration is negligible, and the rate of decomposition of 
the second reactant is directly proportional to its concentration (Stumbo, 
1973). This can be expressed mathematically as 


dC 

C 



By integration between the limits, concentration Cj at time and 
concentration C 2 at time / 2 , this becomes: 

k _ hi C x - In C 2 1303 lQ 

l 2 ~ l \ l 2 ~ ^2 

which can be modified to: 



in which C 0 = initial concentration of the reactant and C = concentration 
after reaction time t. 

In the case of microbial survival this becomes: 

2.303. N 0 
t =-log- 

k N 

Let the time required to destroy 90% of the cells or spores be 
represented by D or the decimal reduction time (Katzin et al., 1943); the 
slope of the linear survival curve can be expressed as: 

\ogN 0 ~\ogN i 
D D 

and substituting into the general equation for a straight line 

logW = --^-+logA/ 0 



or 


(4.3) 
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D characterizes the thermal resistance of a microorganism at a specific 
temperature with time the only variable. The higher the D value for a 
microorganism at a given temperature, the greater is its thermal resistance 
and provides a means for comparing thermal resistances of different 
microorganisms at the same temperature or the same microorganism at 
different temperatures. 

Since E = log (Nq/N) (4.1) 

then E = t/D (4.4) 

and t = E x D 

From this, the heating time can be derived when the decimal reduction time 
for a microorganism is known for the specified temperature. 

4.4.1.3 Nonlinear Survival Curves 

While deviations from linearity are not the exception, they are more 
commonly encountered with vegetative cells than they are with spores. In 
such cases, the decimal reduction time (. D ) can be calculated from the most 
linear portion of the curve. A general method has been proposed (Cerf et 
al., 1988) for developing an equation for nonlinear survival curves in which 
only that portion corresponding to the lowest number of survivors is taken 
into consideration. The equation obtained has the form: 

%.(<-«) 

N D 

where a is the abscissa at the origin of the last linear portion of the 
nonlinear survival curve. 

As long as the experimental protocol is valid, the results are generally 
reproducible, and the same homogenous lot of microorganisms was used, 
linearity can be assumed. When nonlinear survival curves are encountered, 
the possibility that a bias was introduced by the experimental protocol must 
be investigated before it is concluded that the relationship is valid. 

Nonlinear curves that have two or more linear segments with the 
concavity of the curve turned upward can indicate the presence of two or 
more subpopulations, each of which differs in its decimal reduction times, 
the formation of clusters during heating, the culture medium not adapted to 
injured microorganisms, or modification of the thermal resistance during 
heating. When the deviations show lower than expected initial spore counts 
or an apparent increase during the first instances of heating, then it may be 
due to a lack of or insufficient prior heat activation. The presence of a 
shoulder (i.e., no decrease) during the initial heating times can indicate 
insufficient heat activation (in the case of spores), long come-uptime, the 
presence of clusters at the beginning of heating, or a change in the thermal 
resistance during heating. 

The phenomenon of tailing (Cerf, 1977) is seen as a progressive 
deviation from the linearity at the tail end of the survival curve that in some 
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cases forms a plateau. Tailing is frequently observed in case of treatments 
by chemical agents, particularly when the treatment conditions are 
suboptimal. It is relatively rare in the case of thermal treatments, and its 
interpretation can be complex except when it can be attributed to one or 
more nonhorizontal linear segments. In such cases it is advisable to try 
other enumeration media. 

It has been reported that the survival curve of vegetative bacterial cells 
can be modified considerably when the cells have been subjected to thermal 
stress before the thermal treatment. In such cases, there is a strong belief 
that the protein synthesis has been altered (Archer, 1988). Thus the curve 
will show an initial shoulder as well as a considerably increased D value. 

Because deviations from linearity can result in errors in the calculation 
of an adequate thermal process, various workers have tried to quantify such 
reductions mathematically in the form of curve fitting. Deviations are more 
commonly encountered with vegetative cells than are spores. One approach 
that appears to have considerable merit is that proposed by Casadei and 
Gaze (1994), in which logistic and Gompertz equations produced curves that 
very closely followed the curvilinear thermal reduction of Listeria 
monocytogenes under certain conditions. One problem with this approach 
is that it tends to be a case-by-case application. Considerably more work is 
required to ascertain the causes of these deviations and how they may be 
predicted so that the appropriate mathematical relationships can be 
established with some assurance that it will be applicable under production 
conditions. 

4.4.2 Influence of Temperature 

Hie decimal reduction time is a function of the thermal treatment at a given 
temperature. It has been observed experimentally that the D value changes 
inversely with the temperature and that the relationship is generally linear 
(Fig. 4.3). In this case, the decimal reduction is derived from the reciprocal 
of the slope of the best straight line and designated by the symbol z. This 
relationship will be discussed in more detail later under the title of TDT 
curves. 

(T - T ) 

Hence, logD 1 ~logD 2 = —--— (4.5) 

z 

where D l and D 2 are the values for D obtained for treatment temperatures 
of T l and T 2 , respectively. 

If D ref is the value for D obtained at treatment temperature T’ref 

(T - T) 

then logD = logD ref + ——- (4.6) 

2 
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Figure 4.3. Influence of temperature on the decimal reduction time (this type of 

curve is sometimes called the ’’phantom'' TDT curve); D = decimal 
reduction time; z = number of temperature degrees corresponding to 
a change by a factor of 10 in the decimal reduction time. (From: La 
Conserve appertisee: aspects scientifiqu.es, techniques et economiques by 
Larousse, Copyright 1991 by Technique et Documentation - Lavoisier, 
Paris. Used with permission.) 

and the two parameters, D at a reference temperature and z, completely 
characterize the thermal resistance of a microorganism which, permits 
comparison with other organisms or strains as shown in Table 4.1. 

4.4.3 Influence of Factors other than Temperature 

Reviews on the influence of the heating menstruum on the kinetics of 
thermal microbial destruction leave very little doubt that the composition has 
a definite effect on the decimal reduction time. In practice only water 
activity and acidity (pH) have a significant effect, with the thermal resistance 
decreasing with decreased water activity and/or pH. The thermal resistance 
is usually optimal at neutral pH. 

4.4.4 Application of the Survival Curve Parameters to Chemical Reactions 

Thermal treatments accelerate and even initiate chemical reactions that lead 
to destruction, which is a desirable event in the case of enzymes, but is 
undesirable for vitamins and the formation of compounds that adversely 
affect the organoleptic quality. To compare these effects of thermal 
treatments with the destruction of microorganisms, the same parameters, D 
and z, can be applied. 

As stated earlier, there is a logarithmic relationship between the 
concentration of the intact molecules and the thermal treatment time, which 
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Table 4.2. Thermal Resistance of Enzymes Affecting Canned Food Quality 


Enzyme 

Origin 

D (min) 

z (C°) 

Peroxidase 

black radish 

232° 

28 


green beans 

15° 

27 

Polygalacturonase 

papaya 

20° 

6.8 

O-diphenoloxidase 

pear 

0.82° 

5.5 

Lipooxygenase 

pea 

0.09° 

8.5 

Catalase 

spinach 

0.02“ 

8.3 

Bacterial lipase 

Pseudomonas spp. 

25 b 

26 

Bacterial protease 

Pseudomonas spp. 

300^ 

28 


a At 80°C. 
b At 120°C. 


can be demonstrated graphically in the same manner as for the survival 
curve. The log (C/C 0 ), which is the concentration after a treatment time (/) 
divided by the original concentration, is plotted against time, producing a 
destruction curve. For the heat inactivation of enzymes (Svensson, 1977), 
the fact that, under certain experimental conditions, the rate of a catalytic 
reaction, as determined by the catalytic activity, is proportional to the 
concentration of the functional enzyme molecules is used. Since sufficient 
heat can denature the enzyme and render it inactive, the relationship A/Aq. 
where A 0 is the initial activity of the enzymatic preparation and A the 
activity of the same preparation at heating time /, is equivalent to the 
relationship C/C 0 and follows the same logarithmic law. 

When the destruction curves are linear, they can be characterized by the 
parameter D, which is the heating time required to destroy 90% of the initial 
concentration (or activity, in the case of enzymes) at a given temperature. 
If a linear relationship exists between log D and temperature, then the 
temperature effect can be characterized by the parameter z. However, this 
may at times only be valid within a temperature range of 20-30°C when the 
linear relationship closely approximates the theoretical curve (i.e., taking into 
account the precision and accuracy of the experimental results, particularly 
in the case of enzymes) and permitting the use of the parameter z. 
Therefore, and only under certain conditions, the resistance of chemical 
molecules, particularly those of biological interest like vitamins or enzymes, 
to thermal destruction can be characterized by D and z values (Table 4.2), 
and permit the prediction of the effects of a thermal sterilization process. 
The reference work in this domain is that on the destruction of thiamine in 
meat (reviewed in Stumbo, 1973). 
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4.4.5 Thermal Death Time (TDT) 

The thermal death time (TDT) concept constitutes a very important advance 
in the quest for a quantitative description of the effect of temperature on the 
efficiency of a thermal treatment and its industrial application to canned 
foods. The TDT curve, however, in addition to its historic importance, 
remains to this day a convenient method of characterizing the thermal 
resistance of new microbial strains or of verifying the validity of the 
calculations derived from the survival curves. The TDT has traditionally 
been characterized by a value, designated by z, that corresponds to the 
number of temperature degrees (Fahrenheit or Celsius) for the TDT curve 
to traverse one log cycle, and measures the change in thermal death time or 
death rate with changing temperatures. If it is accepted that microbial death 
is logarithmic, as is the rate of change of death with temperature, then it 
must also be accepted that there cannot be any real zero level, as this value 
is always being approached but never attained. 

4.4.5.1 Construction of TDT Curves 

The data for the construction of the TDT curves are derived in two basic 



Figure 4.4. Thermal destruction time (TDT) curve. This figure shows the ideal 

case where a straight line divides a zone having only plus signs from a 
zone with only negative signs; 4- indicates one or more survivors; - no 
survivors found; z number of temperature degrees for a change by a 
factor of 10 in the TDT curve (see also the more recent definition in 
the legend of Fig. 4.2). (From: La Conserve appertisee: aspects 
scientifiques , techniques et economiques by Larousse, Copyright 1991 by 
Technique et Documentation - Lavoisier, Paris.) 
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ways. One is that used for production of the survival curves in which the 
actual numbers of surviving microorganisms is determined for each 
temperature/time sequence. In this case the log of the derived D values for 
each temperature is plotted against temperature, producing what is called 
a phantom TDT curve. The other involves a survival/no survival situation. 
For this, the data are generally generated by experiments that involve the 
TDT cans, tubes, or, in some cases, inoculated packs, in which a 
predetermined number of sealed units inoculated with a known number of 
the test microorganism is given a temperature/time sequence and then 
appropriately incubated for a set time at which the units will be evaluated 
for evidence of growth. Evidence of growth is taken as evidence of survival; 
no growth, no survivors. In some instances, enumeration of the number of 
survivors is undertaken; however, this becomes complicated when the 
numbers are very low and MPN methods are required. The least probable 
number of survivors is generally assumed. 

When the log of the survival and no survivor or destruction times for 
each temperature are plotted against the temperature, a straight line is 
drawn that separates the survival and the destruction points, as shown in 
Figure 4.4 (Bigelow, 1921). A straight line is used, as generally the 
relationship is linear. 

With this method the TDT is not determined directly from the results, 
but graphically. The positioning of the TDT curve is complicated when the 
results vary from the ideal situation (Fig. 4.5) when one or more survival 
points are in the destruction zone. 



Figure 4.5. TDT curve. The figure is the most frequent case, where, between a 

zone having only plus signs and a zone with only negative signs, there 
is a zone with both signs. The first two zones are demarcated by the 
upper and lower straight lines. The intermediate straight line 
represents the highest probability that the number of survivors is equal 
to 1 (Horvak, 1981). 
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Various attempts have been made to improve the guidelines for the 
construction of the TDT curves without finding a really satisfactory solution. 
A more complete presentation of this problem can be found in Ball and 
Olson (1957). However, one method that has stood the test of time is that 
presented by the NFPA (1980). 

When using the TDT can or tube approach, the initial numbers of 
microbial cells or spores in each test unit must be uniformly the same. Since 
the units are all inoculated prior to any exposure to heat, a correction for 
the lag or come-up time must be made and applied to the observed heating 
times. 

Lag corrections can be determined by a preliminary series of tests in 
which the apparent survival and destruction times are plotted on three cycle 
semilog paper, log of the time against temperature. The best straight lines 
are drawn immediately above the survival points and immediately below the 
destruction points that represent the general slope of each. The reciprocal 
of the slopes of the two lines is obtained, averaged, and used as an 
approximate z value for the microorganism. Tables have been created that 
give correction to heating times for various z values and heating menstruum 
(NFPA, 1980; Sognefest and Benjamin, 1944). Failing this, heat penetration 
tests must be carried out to determine the actual come-up time for each 
temperature that will be used and the numbers of survivors at the point 
when process temperature is attained. This latter process can be 
complicated and should be undertaken only if there is no other solution. 

Once the correction for the lag is obtained, then actual test series can 
be undertaken. Once again the survival and destruction times are 
determined; however, in this instance, the times are corrected for the lag. 
These can be plotted as described earlier and the best straight lines drawn. 
The average of the reciprocals of the two slopes, neglecting the signs, can be 
given as the z value for that microorganism in the heating menstruum used. 

A variation is to use the survival and destruction times to determine a 
D value for each temperature. For example, say that the following results 
were obtained in a test using the TDT cans, each containing 10,000 spores 
per can. An appropriate number of cans were heated at 235°F for varying 
time intervals. At each time interval, six cans are removed and incubated at 
the appropriate temperature and time. All cans were observed for the 
presence or absence of growth. It was observed that after a corrected 
heating time of 45 minutes (lag correction was determined to be 1.9 
minutes) there were three cans showing evidence of survival and three 
negative. After a corrected heating time of 60 minutes all six cans were 
negative. By substituting these values into a rearranged Eq. 4.3 
D 2 35 = 45/ log (6 x 10 , 000 ) - log 3 
= 45/4.78 - 0.48 = 10.47 

[Note: It is assumed that in each of the cans showing growth the number of 
survivors was at least one per unit or a total of three]. 
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Stumbo (1973) used an MPN method to determine the least number of 
survivors; however, the numbers come out very close to those found using 
the NFPA approach. 

4.4.5.2 Description of a TDT Curve 

As has been stated, the TDT curve is generally linear (Fig. 4.4) and is 
characterized by the symbol z, which is equal to the reciprocal of the slope 
with the sign omitted. The general equation for the TDT curve is that of a 
straight line passing through two points that can be written as: 


log (TDT), - log (TDT) 2 = 


(T 2 - T,) 


(4.7) 


in which (TDT), is the value of the TDT at temperature T, and (TDT) 2 at 

7V 


When 


(TDT), 


= 10 


(TDT) 2 

then log (TDT), - log(TDT) 2 = 1 

and z= \T x -T 2 \ 

The value z is therefore equal to the increase in the temperature, expressed 
in Celsius degrees (C°) or Fahrenheit degrees (F°), which results in a 90% 
reduction in the TDT. For example, assume z = 10C° and the TDT at 
100°C is 14 minutes, the TDT would decrease to 1.4 minutes at 110°C and 
to 0.14 min at 120°C. 

The TDT curve can also be represented by a line passing through a 
specific point. In this case, it is necessary to select arbitrarily a reference 
temperature (T ref ) for which the TDT has the value TDT ref . Thus, 


log (TDT) 


(T, ct T ) 


+ log (TDT ref ) 


To compare thermal treatments at various temperatures it is useful to 
use a reference thermal treatment, called an equivalent treatment , based upon 
a reference temperature, usually 121.1°C (250°F). The destruction time at 
this temperature is designated by F, and the equation becomes: 

log F = , ( r - 12L1 ) + log (TDT) 

z 

When the value forz is 10C° (18F°), by convention, the symbol becomes F Q . 

4.4.6 Other Methods 


One method is to heat a sufficiently large volume of the microbial 
suspension so that there is a continuous controlled increase in the 
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temperature. Samples are taken at predetermined temperatures and times 
and the survivors enumerated. However, at temperatures above 100°C the 
equipment must be such that the pressures necessary to maintain the higher 
temperatures can be maintained, especially when samples are withdrawn. 
Pressure chambers can be used into which the microbial suspension is 
introduced either at a particular temperature and sampled at various times, 
or introduced and the temperature increased at a controlled rate and 
sampled at set temperatures and times. Sampling while under pressure 
requires appropriate equipment and technique. Mathematical techniques are 
available for determining the D and z values when using this technique 
(Hayakawa et al., 1969; Reichart, 1979). This methodology does not appear 
to be used, despite its attractive character and its apparent simplicity. There 
can be many reasons for this, for example: 

• The temperature in the container holding the microorganisms evolves like 
that in a commercial process and the greater the suspension volume, the 
longer the come-up time. 

• The necessary calculations can lead to an accumulation of errors that 
affect the experimental values to a degree that the uncertainty of the final 
results risks being much larger than that with the classical methods. 

4.5 CONTINUOUS FLOW THERMAL PROCESSES 


To simulate a continuous flow thermal process, the test microorganism is 
introduced upstream from the sterilization section and sampled downstream. 
The interpretation of the results is complicated by the variation of the 
residence times as well as the effect of the come-up and cooling times. 

The imposition of sudden temperature changes to microorganisms can 
have a lethal effect that is added to that of the applied thermal treatment. 
This thermal shock effect has been observed to occur during heating as well 
as cooling and should be kept in mind when interpreting the results from 
pilot studies, especially with discontinuous types, and in the continuous types 
using steam injection. 

The continuous flow thermal treatment of liquids associated with aseptic 
packaging has developed in a manner different from that of conventionally 
canned foods. The latter are by definition discontinuous even though in 
some modern retorts the cans circulate continuously. In effect, all the 
containers are processed for the same time, and the experimental variable 
to be considered is the product temperature, which changes from point to 
point in the container. The temperature also changes in continuous flow 
equipment, first preheated to the sterilization temperature, held at that 
temperature for a specified time, and then cooled. Another variable must 
be taken into account, however: the variation in the residence time, where 
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Figure 4.6. Distribution of the residence times. The upper diagram represents an 

imaginary apparatus that has a complex geometry. The product 
elements (molecules or particles) being processed follow various paths, 
some of which are shorter than others, according to the path followed, 
the elements are held for variable times in the apparaus. The lower 
diagram shows a distribution (in the statistical sense) of the residence 
times for the product elements. (From: La Conserve appertisee: aspects 
scientifiques, techniques et economiques by Larousse, Copyright 1991 by 
Technique et Documentation - Lavoisier, Paris. Used with 
permission.) 

the flow of the elements (i.e., molecules, particles) of the product by virtue 
of the complexity and geometry of the apparatus follow different pathways, 
some long, others short, so that all the elements may not have the same 
residence time (Fig. 4.6). Those that follow the longest path will have a 
longer residence time than those that follow the shorter pathway. Therefore 
there is a distribution (in the statistical sense) of the residence times (RTD). 
For those elements that have the minimum holding time, the destruction of 
microorganisms is less than in those that have the longer holding times. 
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Figure 4.7. Sterilization efficiency curve (solid line). E is the sterilization 

efficiency, 1 is the curve corresponding to a process having a duration 
equal to the average residence time, 2 is the curve corresponding to a 
process having a duration equal to the minimum residence time. 
(From: La Conserve appertisee: aspects scientifiques, techniques et 
economiques by Larousse, Copyright 1991 by Technique et 
Documentation - Lavoisier, Paris. Used with permission.) 

Figure 4.7 shows the curve for the efficiency E for a single microbial 
population of known z values and represents the changes in accordance with 
the temperatures in a continuous flow apparatus. At lower temperatures 
and when E < 1, it appears as if all the microorganisms were being heated 
for a time equal to the average residence time with the positive reciprocal 
of the slope of the representative straight line equal to z. At the higher 
temperatures, as E exceeds 10, the surviving microorganisms act as if they 
have been exposed to a heating time equal to the minimum residence time. 
The positive reciprocal of the straight line is also equal to the z value. 
When E lies between 1 and 10 a transition occurs and the representative 
curve passes from one to the other state, and the holding time appears to go 
from average residence to that of the minimum, with the positive reciprocal 
of the slope of the line being greater than the z value for the microorganism. 

The average residence time is, 

'ave = V IQ 

where t is expressed in seconds, V is the internal volume accessible to the 
product expressed in cubic meters, and Q is the volumetric flow rate through 
the apparatus expressed in cubic meters per second. It will generally not be 
the same as the minimum retention time, which must be determined using 
tracers, such as salt or specific dyes or can be calculated (NFPA, 1987). It 
is vital that the minimum holding time for each product type and installation 
be known as well as the effect of temperature on the viscosity and hence the 
flow rate. Each supplier of continuous flow sterilization equipment should 
be required to supply at least the following information: 
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• the minimum residence time for processing liquids that correspond to 
their viscosity at temperatures within the operating range and for various 
viscosities; 

• the average residence time (ART) and the variation from minimum to 
maximum. 

Since the minimum residence time is the basis for the determination of 
a safe scheduled sterilization process, knowing the ART and its variation 
permits assessment of the risk of overcooking some parts of the product. 
For this assessment, knowledge of the distribution of the residence times in 
the equipment is necessary so that the effects of the heating can be 
calculated by integration in a manner similar to that used in conventional 
canning. 

It is important that the processor realize that information supplied by 
the equipment manufacturer may only be approximate and that the critical 
parameters should always be verified in practice. A complete treatment of 
the variations in flow patterns —the factors that affect flow, calculation, and 
determination of minimum and maximum residence times is outside the 
scope of this chapter. Readers requiring a more detailed treatment of these 
aspects are advised to consult the Principles of Aseptic Processing and 
Packaging , published by the National Food Processors Association (NFPA) 
(1987). 

4.6 KINETICS OF DESTRUCTION OR FORMATION 
4.6.1 Order of a Reaction 


The canner is concerned with the appearance of and or changes in certain 
elements in the product during the thermal treatment and/or storage, be it 
microorganisms, an indispensable nutrient (vitamin), or an aroma (good or 
bad). Concentration changes with respect to time are represented by dC/dt 
and the general equation is: 


dC 

dt 



n 


where C is in moles, / is the time in seconds, k is the velocity constant, and 
n is a real positive number without any dimension. For n = 0, a zero-order 
reaction is indicated in which the change in concentration of a substrate is 
linear with respect to time, and the dimensions of k are moles per second. 
When n — 1, the reaction is first-order, in which the relation between the 
logarithm of the concentration and the time is linear and k is expressed in 
s' 1 . When n — 2, a second-order reaction is indicated in which the relation 
between the reciprocal of the concentration and time is linear and k is in 
(mole seconds) 1 . A linear survival curve corresponds to a first-order 
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reaction. Many of the reactions that concern the constituents of food 
products, modified or formed under the action of heat, have reaction orders 
between 1 and 2. However, as long as the degree of transformation or 
formation is less than 10%, the order of the reaction has little influence. 

4.6.2 Arrhenius’ Law; Absolute Reaction Velocity 

The linear relation between the logarithm of D and temperature is 
completely satisfactory for describing the experimental results. However, it 
is valid only over those temperatures used in the determination of z. While 
not completely representative for alterations in other nonmicrobial elements, 
it is nevertheless continued to be used by the canners by reason of its 
convenience, due notably to the parallelism of the methods of representation 
and the calculation of D and z. 

For chemical or biological reactions, Arrhenius’ law is generally applied 
as it defines the linear relation between the Napierian logarithm of the 
reaction velocity constant and the reciprocal of the temperature: 

E 

In k = In A - - (4.8) 

RT 

where k is the rate constant in s as defined previously, A is the frequency 
factor in seconds, E a is the energy of activation of Arrhenius in joules/mol, 
R is the perfect gas constant (8.3 joules/mol/K), and T is the absolute 
temperature in kelvins (K). 

The relation between D (expressed in seconds) and k is: 

D = -2.303 Ik 

hence: = kft/k t \ 

therefore, apart from a constant, 

In k = - log D. 

From this, Eq. 4.6 becomes 

logD = logD ref + 

z 

As the left side of Eqs. 4.6 and 4.8 (apart from a constant that can be 
carried over to the right of the equal sign) differ only by their sign, and since 
D is inversely proportional to k> it follows that these equations differ 
essentially by their right-side values: in the first case it is 1/7’; in the second 
T. In other terms, in one case the relation is linear and in the other 
hyperbolic. The two representations are evidently incompatible and would 
produce extrapolations that are very different, even if, inside the 
experimental domain, the mathematical adjustment of the points is made in 
an equivalent manner. 

The general value of Arrhenius’ law is such that it is the preferable 
extrapolation method outside the experimental domain (Cerf, 1985). In 
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practice it is possible to plot log D as a function of T , to calculate z, and 
from this deduce £ a by the relation: 





2 



where T is the median temperature of the tests expressed in kelvins. 

In order to be comprehensive, the theory of the absolute velocity of 
reaction should be included. In this the calculation of the changes in the 

aa aa aa m u 

free enthalpy 8G , enthalpy 8H , and entropy 8S can be derived from the 
following: 

8G# = 4.575T log (2.1 x 10 10 t/k) 

8H* = £ a - RT 
5S # = (5// # - SG # )/r 

where T (in kelvins) is the average test temperature. Attempts have been 
made to apply the values obtained for these parmeters to the explanation of 
the mechanism of the destruction of microorganisms by heat. However, it 
is a risky enterprise in regard to the complexity of this phenomenon (Cerf 
et al., 1975). 


4.7 STATISTICAL CONCEPT OF THE RISK OF INSTABILITY 


4.7.1 Definition of Instability 

Canned foods are packaged and processed to have an almost indefinite 
microbiological shelf-life when stored at ambient temperatures. In the 
attainment of this objective, canners have two microbiological concerns: the 
survival and subsequent outgrowth of pathogens and of nonpathogenic 
spoilage organisms. The target pathogen is the thermal-resistant spores of 
the C. botulinum , which can remain dormant for many months due to injury 
caused by the heat treatment. This is not a concern in foods that have a pH 
< 4.6 or a w < 0.85. 

While prevention of nonpathogenic microbial spoilage may not require 
the complete destruction of the spores of spoilage microorganisms, it does 
require that any survivors not grow. However, some of these spores have 
higher thermal resistance than those of C. botulinum , and they are generally 
present in considerably larger numbers. Thus a thermal process that 
destroys a sufficient number and leads to the inhibition of the germination 
of any survivors can also be sufficient to render the risk associated with C. 
botulinum spores to an insignificant level (12 D), combining microbiological 
stability and safety. Biological stability (i.e., commercial sterility) does not 
mean sterility in the true sense (i.e., a complete absence of viable forms of 
microorganisms). 

Destruction of C. botulinum spores and the additional treatment 
required to attain biological stability can only be assured by the proper 
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design and maintenance of the scheduled processes for each food type, 
container type, and size and type of retort. In some countries guideline- 
scheduled process are published and updated to keep in tune with 
technological advances, as, for example, those of the Technical Centre for 
the Preservation of Agricultural Products (TCPAP, formerly by the Appert 
Institute), France, and the National Food Processors Association (NFPA) in 
the United States. 

Over the years the 12 D principle, proclaimed around 1922 by the 
National Canners Association (now NFPA) and universally respected, has 
been successfully applied to canned foods to ensure their safety. This 
requires that a thermal process be capable of affecting 12 log or decimal 
reductions (E = 12) of the most heat-resistant C. bolulinum spores. 
Assuming a Z) 12 i i = 0.25 minutes for the spores, all products that have a 
pH > 4.6 and a water activity (a w ) >0.85 should have a process equivalent 
to at least 3 minutes at 121.1°C, F Q = 3. 

For the nonpathogenic spoilage spores, the additional treatment should 
be a balance between two opposing effects. It should not overcook the 
product and render it unacceptable, but the treatment should be sufficient 
to ensure that the incidence of spoiled product that results from survival of 
nonpathogenic spores shall not exceed 1/10,000, the maximum acceptable 
commercial risk of instability or spoilage. The problem is to select a 
time/temperature process (e.g., defined by the sterilization value F) that 
assures that this risk is not surpassed. To calculate the required process 
time the D value from the survival curve of the most heat-resistant spores 
at the desired process temperature can be used. From the following 
equation, it can be reasoned that 

log (Co/C) = E (4.2) 

which can be rearranged to 

c = c 0 io £ 

where C 0 and C represent the concentration of viable spores per cubic 
centimeter, before and after heating. The number per container having 
volume V (expressed in cubic centimeters) is therefore: 

C V = C 0 V 10' £ 

When CV < 1, it is coincident with the instability risk, defined earlier, and 
henceforth designated by the symbol R : 

R = C 0 V10' E 

For R < 1, the risk with respect to nonpathogenic spoilage microorganisms 
should not exceed 10' 4 . The next step is to calculate the process time at the 
process temperature that would assure that the risk is not exceeded for the 
most heat-resistant spoilage spores of interest. For example, take a 
Dpi i = 1.5 minutes (i.e., a value frequently encountered for B. 
stearothermophilus ; e.g., the flat sour strain NCA FS 1518), and assume C 0 
equals 10 3 spores/cm . Thus, a can having a volume (V) = 500 cm 3 , and 

E = t!D or E = ( t-a)/D (4.4) 
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the process time, which will assure that the accepted risk will not be 
exceeded, can be calculated. Assuming a rectilinear survival curve, then: 

R = C 0 K10-' /d 

or: t = Dlog(C 0 V/R) 

and substituting the values given earlier: 

t = 1.5log (10 3 x 5 x 10 2 /10' 4 ) = 14.5 minutes at 121.1°C 
The canner can be very confident in applying such a thermal process because 
it is superior to that required for safety, F Q = 3 minutes, and excludes the 
risk of C. botulinum. By employing the same type of calculations, the 
organoleptic and nutritional properties and costs can be optimized. For this 
purpose the following is required: 

• the thermal resistance parameters of the target spores (D^ and z) and 
that the F Q that has been deduced is superior to 3 minutes; 

• the container volume; 

• the accepted commercial risk. 

If the canner has doubts as to the safety of the process developed, then 
inoculated pack studies can be undertaken to validate the process. For this, 
it is advised to use spores of a nonpathogen that have a thermal resistance 
slightly higher than that for C. botulinum , such as PA 3679, which is reported 
to have a D l2 \ i = 0.6 minutes. A 5 D reduction for these spores is 
equivalent to at least a 12 D reduction of C. botulinum spores. 

4.8 CONCLUSION 

All the knowledge of thermobacteriology necessary for the manufacture of 
canned foods has been known for a long time. It has been amply 
demonstrated by the excellent safety and commercial quality of canned foods 
produced industrially over many years. However, since about 1980, interest 
in thermobacteriology has diminished, as it is believed that enough is known. 
The specialists have turned toward other interests and have not been 
replaced so that their accumulated experience and knowledge is no longer 
directly available. Today, both the technology and the market evolve around 
other products that tend to require less intense, but in some cases more 
complicated, thermal treatments that are designed to maintain the natural 
and fresh aspect. The neophytes to the world of thermobacteriology and the 
poorly trained never think that mother nature can be wicked, and that while 
C. botulinum may be present in quite low numbers in the environment under 
normal conditions, accidents can and do occur. Therefore, it is essential that 
the calculation of the scheduled processes for the new products be carried 
out with the same exactitude as for the conventional canned foods. It can 
only be hoped that this chapter will find additional justification in the 
context of the perpetual evolution of the food industries. 
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Part II 

RECEPTION AND 
PREPARATION OF 
RAW MATERIALS 


11.1. INTRODUCTION 

The preparatory operations transform raw materials into a form that can be 
packed efficiently into the appropriate containers and, after thermal 
processing, present a final product that has maximum consumer appeal. 
Raw material yields are reduced by the removal of defective and 
unacceptable product, trimming and peeling, and so on. This is a significant 
economic factor as well as a producer of waste and effluent problems. The 
selection of raw materials and the preparatory operations employed are 
geared to maximize the yield and minimize the waste. 

During the preparatory operations, the raw materials are vulnerable to 
microbial contamination and growth, which results in spoilage and lowering 
of product quality as well as an increase in the challenge to the final thermal 
process. As will be seen, the individual operations are adapted to the raw 
materials and the end product requirements. However, regardless of the 
category of the raw material, the hygienic requirements are common and 
should be given prime attention. These are detailed in the Codex 
Alimentarius Recommended International Code of Hygienic Practice for 
Low-Acid and Acidified Low Acid Canned Foods, CAC/RCP 23-1979, Rev. 
1 (1989). 

11.2. PRODUCTION/HARVESTING AREAS 

Environmental contamination of the soil, feed, waters, and so on in the 
growing and harvesting areas is a fact of life. However, raw materials should 
not be grown or harvested where the presence of potentially harmful 
substances would lead to an unacceptable level of such substances in the 
final product. Normal contamination levels can usually be removed or 
reduced to acceptable levels by the subsequent preparation and processing 
of canned foods. 

Raw materials should be protected from contamination by human, 
animal, domestic, industrial, and agricultural wastes that may be present at 
levels likely to be a hazard to health. They should not be grown in areas 
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where the water used for irrigation might constitute a health hazard to the 
consumer of the final product. 

Control measures involving treatment with chemical, physical, or 
biological agents should only be undertaken by or under direct supervision 
of personnel who have a thorough understanding of the potential hazards to 
health, particularly those that may arise from residues in the food. Such 
measures should only be carried out in accordance with the 
recommendations of the official agency that has jurisdiction. 

Harvesting and production equipment and containers should be 
constructed and maintained so they do not constitute a hazard to health. 
Reusable containers should be of such material and construction that they 
will permit easy and thorough cleaning. They should be cleaned and 
maintained clean and, where necessary, disinfected. Containers previously 
used for toxic materials should not subsequently be used for holding foods 
and/or water supplies or other food materials. 

Raw materials that are obviously unfit for human consumption or 
unacceptable for canning should be segregated at the harvesting and/or 
production sites and disposed of in a manner to avoid contamination of the 
raw materials and/or water supplies. Precautions should be taken to protect 
the raw materials from contamination by pests or by chemical, physical, or 
microbiological contaminants or other objectionable substances and minimize 
damage through handling. They should be stored under conditions that 
provide protection against contamination and minimize damage and 
deterioration. 

Conveyances for transporting the harvested crop or raw materials from 
the production area or place of harvest or storage should be adequate for 
the purpose intended, and they should be of such material and construction 
that they will permit easy and thorough cleaning. They should be cleaned 
and maintained clean, and where necessary disinfected and disinfested. 

IL3. ESTABLISHMENT: DESIGN AND FACILITIES 

Roadways and areas that serve the establishment that are within its 
boundaries or in its immediate vicinity should have a hard paved surface 
suitable for wheeled traffic. There should be adequate drainage and 
provision should be made to allow for cleaning. 

Buildings and facilities should be of sound construction and maintained 
in good repair. They should be designed: 

• to give adequate working space for satisfactory performance of all 
operations; 

• to permit easy and adequate cleaning and to facilitate proper supervision 
of food hygiene; 

• to prevent the entrance and harboring of pests and the entry of 
environmental contaminants such as smoke, dust, and so on; 
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• to provide for the separation, by partition, location, or other effective 
means, between those operations that may lead to cross-contamination; 

• to permit a regulated flow in the process from the arrival of the raw 
material to the finished product, 

• to permit controlled access. 

Floors, especially in wet processing areas, should be constructed of 
waterproof, nonabsorbent, washable, nonslip materials without crevices so 
that they can be easily cleaned and disinfected. They should be sloped 
sufficiently for liquids to drain to trapped outlets. 

Walls should be constructed with waterproof, nonabsorbent, washable 
materials, sealed, free from infestation, and light colored. Where 
appropriate, angles between walls, between walls and floors, and between 
walls and ceilings should be sealed and coved to facilitate cleaning. 

Ceilings should be so designed, constructed, and finished as to prevent 
the accumulation of dirt and minimize condensation, mold development, and 
flaking, and they should be easy to clean. 

Windows and other openings should be so constructed as to avoid 
accumulation of dirt; those that open should be fitted with insectproof 
screens. Screens should be easily removed for cleaning and kept in good 
repair. Internal window sills, if present, should be sloped to prevent their 
use as shelves. 

Doors should have smooth, nonabsorbent surfaces and, where 
appropriate, be self-closing and close fitting. 

Stairs, lift cages, and auxiliary structures such as platforms, ladders, and 
chutes should be so situated and constructed as not to cause contamination 
to food. Chutes should be constructed with inspection and cleaning hatches. 

All overhead structures and fittings in food handling areas should be 
installed in such a manner as to avoid contamination directly or indirectly 
of raw materials by condensation and drip; they should not hamper cleaning 
operations. They should be insulated where appropriate and be so designed 
and finished as to prevent the accumulation of dirt and to minimize 
condensation, mold development, and flaking. They should be easy to clean. 

Living quarters, toilets, and areas where animals are kept should be 
completely separated from and should not open directly on to food-handling 
areas. 

The use of materials that cannot be adequately cleaned and disinfected, 
such as wood, should be avoided unless its use would clearly not be a source 
of contamination. 

There should be an efficient effluent and waste disposal system that 
should at all times be maintained in good order and repair. All effluent 
lines (including sewer systems) should be large enough to carry peak loads 



154 


FOOD CANNING TECHNOLOGY 


and should be so constructed as to avoid contamination of potable water 
supplies. 

There should be adequate, suitable, and conveniently located changing 
facilities and toilets. Toilets should be so designed as to ensure hygienic 
removal of waste matter. These areas should be well lit, ventilated, and, 
where appropriate, heated; they should not open directly on to food 
handling areas. Hand washing facilities with warm or hot and cold water, 
and a suitable hand-cleaning preparation should be provided. Where hot 
and cold water are available, mixing taps should be provided. There should 
be suitable hygienic means for drying of hands. Where paper towels are 
used, a sufficient number of dispensers and receptacles should be provided 
adjacent to each washing facility. Taps of a non-hand-operable type are 
preferable. All waste pipes leading to drains should be suitably trapped. 

Adequate facilities for cleaning and disinfection of working implements 
and equipment should be provided. They should be constructed of 
corrosion-resistant materials, capable of being easily cleaned, and fitted with 
suitable means of supplying hot and cold water in sufficient quantities. 

Adequate natural or artificial lighting should be provided throughout the 
establishment. The intensity should not be less than: 

• 540 lux (50 foot candles) at all inspection points, 

• 220 lux (20 foot candles) in work rooms, 

• 110 lux (10 foot candles) in other areas. 

Light bulbs and fixtures suspended over food materials in any stage of 
production should be of a safety type and protected to prevent 
contamination of food in case of breakage. 

The facility should be adequately ventilated to prevent excessive heat, 
steam condensation, and dust accumulation and to remove contaminated air. 
The direction of air flow should be countercurrent (i.e., from clean areas to 
dirty areas). Ventilation openings should be provided with screens or other 
protective means of noncorrodible material and that can be easily removed 
for cleaning. 

Separate areas should be provided for the temporary storage of waste 
and inedible material prior to their removal from the cannery. They should 
be designed to prevent access to pests and to avoid contamination of food, 
potable water, equipment, buildings, or roadways on the premises. 

The food contact surfaces of all equipment and utensils used in the 
preparation of raw materials should be made of materials that do not 
transmit toxic substances, odors, or flavors to the foods. They should be 
nonabsorbent, corrosion resistant, and capable of withstanding repeated 
cleanings, and disinfections. The surfaces should be smooth and free from 
pits and crevices. Wood and other similar materials that cannot be 
adequately cleaned and disinfected should be avoided, except when their use 



PART II. RECEPTION AND PREPARATION 

OF RAW MATERIALS 


155 


would clearly not be a source of contamination. The use of different 
materials in such a way that contact corrosion can occur should be avoided. 

Equipment and utensils should be so designed and constructed to 
prevent hygienic hazards, but to allow easy and thorough cleaning and 
disinfection, and, where practicable, be visible for inspection. Stationary 
equipment should be installed in such a manner as to permit easy access and 
thorough cleaning. There should be a suitable conveyor system to transport 
empty product containers to the filling stations. Their design, structure, and 
installation should ensure that such containers do not become contaminated 
or unacceptable because of damage. 

Separate containers for inedible and waste materials should be provided 
and easily identified. They should be leak-proof, be constructed of metal or 
other suitable impervious material that should be easy to clean or disposable, 
and be able to be closed securely. 

All refrigerated chambers should be equipped with temperature 
measuring and recording devices, preferably with an alarm system in case of 
malfunction. 

II.4. CLEANING AND DISINFECTION 

A permanent cleaning and disinfection schedule should be drawn up to 
ensure that all areas are appropriately cleaned and that critical areas, 
equipment and material are designated for special attention. A single 
individual that has a thorough knowledge and understanding of the 
significance of contamination and the hazards involved, preferably a 
permanent member of the staff of the cannery and whose duties should be 
independent of production, should be appointed to be responsible for the 
sanitation. All cleaning personnel should be well trained in cleaning and 
disinfection techniques. 

To prevent contamination of food, all equipment and utensils should be 
cleaned as frequently as necessary and disinfected whenever circumstances 
demand. Adequate precautions should be taken to prevent food from being 
contaminated during cleaning or disinfection of rooms, equipment, or 
utensils by water and detergents, or by disinfectants and their solutions. 
Detergents and disinfectants should be suitable for the purpose intended and 
should be acceptable to the official agency that has jurisdiction. Any residue 
of these agents on a surface that may come into contact with food should be 
removed by thorough rinsing with water before the area or equipment is 
again used for handling or processing of food. Either immediately after 
cessation of work for the day or at such other times as may be appropriate, 
floors, including drains, auxiliary structures, and walls of food-handling areas, 
should be thoroughly cleaned. Changing facilities and toilets should be kept 
clean at all times. 
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By-products should be stored in such a manner as to avoid 
contamination of food. They should be removed from the working areas as 
often as necessary, and at least daily. 

Waste material should be handled in such a manner as to avoid 
contamination of food or potable water. Care should be taken to prevent 
access to waste by pests. Waste should be removed from the food-handling 
and other working areas as often as necessary, and at least daily. 
Immediately after disposal of the waste, receptacles used for storage and any 
equipment that has come into contact with the waste should be cleaned and 
disinfected. The waste storage area should also be cleaned and disinfected. 

There should be an effective and continuous program for the control of 
pests. The cannery and surrounding areas should be regularly examined for 
the evidence of infestation. Should pests gain entrance to the establishment, 
eradication measures should be instituted. Control measures involving 
treatment with chemical, physical, or biological agents should only be 
undertaken by or under direct supervision of personnel who have a thorough 
understanding of the potential hazards to health resulting from the use of 
these agents, including those hazards that may arise from residues retained 
in the product. Such measures should only be carried out in accordance 
with the recommendations of the official agency having jurisdiction. 
Pesticides should only be used if other precautionary measures cannot be 
used effectively. Before pesticides are applied, care should be taken to 
safeguard all food, equipment, and utensils from contamination. After 
application, any contaminated equipment and utensils should be thoroughly 
cleaned to remove residues prior to their being used again. A log in which 
the amount of each pesticide is applied, the areas of application, and dates 
and times of application should be kept. 

Pesticides or other substances that may represent a hazard to health 
should be suitably labeled with a warning about their toxicity and use. They 
should be stored in locked rooms or cabinets used only for that purpose and 
dispensed and handled only by authorized and properly trained personnel or 
by persons under strict supervision of trained personnel. Extreme care 
should be taken to avoid contaminating food. 

II.5. WATER 

Water is used extensively throughout the canning process. It is used as an 
ingredient to transfer products, to wash and clean products, and to generate 
steam and cool products. It can be a critical source of contamination, both 
microbial and chemical; hence, its quality is of prime concern. An ample 
supply of potable water under adequate pressure and of suitable temperature 
should be available with adequate facilities for its storage, where necessary, 
and distribution, and with adequate protection against contamination. 
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Ice should be made from potable water and should be manufactured, 
handled, and stored so as to protect it from contamination. 

Nonpotable water used for steam production, refrigeration, fire control, 
and other similar purposes not connected with food should be carried in 
completely separate lines, identifiable preferably by color, and with no cross- 
connection with or back-siphonage into the system carrying potable water. 

As a general principle, only potable water, as defined in the latest 
edition of International Standards of Drinking Water (WHO), should be used 
in food handling or as an ingredient. 

Water recirculated for reuse within a cannery should be treated and 
maintained in a condition so that no health hazard can result from its use. 
The treatment process should be kept under constant surveillance. 
Alternatively, recirculated water that has received no further treatment may 
be used in conditions where its use would not constitute a health hazard and 
will not contaminate either the raw material or the end-product. 
Recirculated water should have a separate distribution system that can be 
readily identified. 

Water used to cool containers after sterilization or pasteurization should 
consistently be of low microbial content, for example, with an aerobic 
mesophile count of less than 100 c.f.u./ml. Records should be kept of 
cooling water treatment and of its microbiological quality. Although 
containers may normally be considered hermetically sealed, a small number 
of containers may allow intake of water during the cooling period mainly 
due to mechanical stress and pressure differential. 

To ensure effective disinfection, chlorine or an alternative disinfectant 
must be thoroughly mixed with the water to a level that will minimize the 
risk of contamination of the can contents during cooling: for chlorination a 
20-minute contact time at suitable pH and temperature is normally 
considered adequate. 

The adequacy of a suitable chlorination treatment may be established 

by: 

1 . the presence of a measurable residual free chlorine in the water at 
the end of the contact time; 

2. detectable amounts of residual free chlorine (i.e., 0.5-2 p.p.m.) in the 
water after it has ben used for cooling containers (excessive chlorine 
levels can accelerate corrosion of certain metal containers); and 

3. a low microbial content of the water at the point of use; the 
temperature and pH of the water should be measured and recorded 
for reference. 

Once a suitable system has been established, the adequacy of treatment 
is indicated by measuring and recording the free residual chlorine according 
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to point (2). In addition, water temperature and pH should be measured 
and recorded since marked changes from the reference values previously 
established may adversely affect the disinfecting action of the added 
chlorine. 

The amount of chlorine required for adequate disinfection will depend 
upon the chlorine demand of the water, its pH, and its temperature. Where 
water with a high level of organic impurity (e.g., surface water) is used as a 
source of supply, it will usually be necessary to provide suitable treatment for 
separation of impurities prior to disinfection by chlorine, thereby reducing 
excessive chlorine demand. Recirculated cooling water may gradually 
increase in organic load, and it may be necessary to reduce this by 
separation or other means. If the pH of cooling water is greater than 7.0, 
or if its temperature is above 30°C, then it may be necessary to increase the 
minimum contact time or concentration of chlorine to achieve adequate 
disinfection. Similar actions may be necessary with water disinfected by 
means other than the addition of chlorine. 

It is essential that cooling water storage tanks be constructed of 
impervious materials and protected by close-fitting covers, thus preventing 
contamination of the water by seepage, entry of surface waters, or other 
sources of contamination. These tanks should also be fitted with baffles or 
other means of ensuring thorough mixing of water and chlorine or other 
disinfectant. They should be of sufficient capacity to ensure that the 
minimum residence time is achieved under maximum throughput conditions. 
Particular attention should be paid to positioning of inlet and outlet pipes 
to ensure all water follows a predetermined flow pattern within the tank. 
Cooling tanks and systems would be drained, cleaned, and refilled 
periodically to prevent excessive organic and microbial buildup. Records 
should be kept of such procedures. 

Measurements of microbial content and chlorine or alternative 
disinfectant levels should be made with sufficient frequency to enable 
adequate control of cooling water quality. Records should be kept of 
cooling water treatment and of its microbiological quality. 

Where contaminated water with a high level of organic impurity (e.g., 
river water) is used as a source of supply, it will be necessary to provide a 
suitable treatment system to cope with suspended impurities followed by 
chlorination or other suitable disinfection treatment. 

II.6. PERSONNEL 

Managers should arrange for adequate and continuing training of all food 
handlers in hygienic handling of food and in personal hygiene so that they 
understand the precautions necessary to prevent contamination of food. 

Care should be taken to ensure that no person known or suspected to 
be suffering from, or to be a carrier of, a disease likely to be transmitted 
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through food or while afflicted with infected wounds, sinus infections, sores, 
or with diarrhea, is permitted to work in any food-handling area in any 
capacity in which there is any likelihood of such a person directly or 
indirectly contaminating food with pathogenic microorganisms. All 
personnel should be instructed to report immediately to management if they 
are affected. 

Any person who has a cut or wound should not continue to handle food 
or food contact surfaces until the injury is completely protected by a 
waterproof, firmly secured covering that has a contrasting easily identified 
color. Adequate first-aid facilities should be available to take care of cuts 
and wounds that occur during production. 

Every person, while on duty in a food-handling area, should wash their 
hands frequently and thoroughly with a suitable handcleaning preparation 
under warm running water. Hands should always be washed before 
commencing work, immediately after using the toilet, after handling 
contaminated material, and whenever else necessary. After handling any 
material that might be capable of transmitting disease, hands should be 
washed and disinfected immediately. Notices requiring hand-washing should 
be displayed and adequate supervision should be applied to ensure 
compliance. 

Every person, while on duty in a food-handling area, should maintain a 
high degree of personal cleanliness, and should wear suitable protective 
clothing including head covering and footwear at all times while so engaged. 
These should be cleanable unless designed to be disposed of, and they 
should be maintained in a clean condition consistent with the nature of the 
work in which the person is engaged. Aprons and similar items should not 
be washed on the floor. During periods where food is manipulated by hand, 
any jewelery that cannot be adequately disinfected should be removed from 
the hands. Personnel should not wear any insecure jewelery when engaged 
in food handling. 

Any behavior that could result in contamination of food, such as eating, 
use of tobacco, chewing (e.g., gum, sticks, betel nuts, etc.), or unhygienic 
practices, such as spitting, should be prohibited in food-handling areas. 

Gloves, if used in the handling of food products, should be maintained 
in a sound, clean, and sanitary condition. The wearing of gloves does not 
exempt the operator from having thoroughly washed hands. 

II.7. RAW MATERIAL RECEPTION 

No raw material or ingredient should be accepted by the establishment if 
known to contain parasites, microorganisms, or toxic, decomposed, or 
extraneous substances that will not be reduced to acceptable levels by normal 
plant procedures of sorting and/or preparation of processing. 
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Raw materials or ingredients should be inspected and sorted prior to 
being moved into the processing line and where necessary laboratory tests 
should be made. Only clean, sound raw materials or ingredients should be 
used in further processing. 

Raw materials and ingredients stored on the premises of the cannery 
should be maintained under conditions that will prevent spoilage and protect 
against contamination and minimize damage. Stocks of raw materials and 
ingredients should be properly rotated (first in, first out). 

All steps in the production process should be performed as rapidly as 
possible and under conditions that will prevent contamination, and 
deterioration, and minimize the growth of microorganisms in the food. 
Effective measures should be taken to prevent contamination of by direct or 
indirect contact with material at an earlier stage of the process. 



5 

RECEPTION AND 
PREPARATION OF 
FRUIT AND VEGETABLES 


5.1 INTRODUCTION 

The greatest variety of canned products involves fruits and vegetables, not 
only in the types of raw materials used, but also in the styles, sizes, shapes, 
combinations, etc. Prior to the actual packing into a container and being 
thermally processed, raw fruits and vegetables are subjected to a series of 
preparatory operations that will: 

• permit them to be packed in a container that will comply with maximum 
fill and minimum drained weight requirements, 

• permit efficient and uniform thermal processing, 

• produce a final product that will meet the requirements of the consumer 
and any regulatory standards in force. 

These conditions, as well as the nature of the individual raw product, will 
dictate which operations are required and the manner in which they are 
applied. While the preparatory operations must be geared to each individual 
fruit or vegetable to be processed, the unit operations and equipment are, 
for the most part, common and are listed in the flow chart in Figure 5.1. 

5.2 RAW MATERIAL SUPPLY 

Purchasing of raw material produce in the open market is substantially 
outmoded. The canner contracts ahead with the farmer or the grower for 
a definite acreage of produce. This is the most effective method of assuring 
supplies of the required materials at the required time and in the required 
quantity. The variety is specified and a forecasted delivery schedule is 
arranged to meet the canner’s requirements. Under this system the canner 
may do any or all of the following: 

1. Agree to the sowing plan; 

2. Supply seed of selected varieties, fertilizer, and sprays; 

3. Indicate expected harvest date(s); 

4. Provide technical advice via field workers; 
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Figure 5.1. Flow chart showing the various progressive stages in the preparation of 

fruit and vegetables. 


5. Provide harvesting or vining equipment and, sometimes, labor; 

6. Arrange or provide transport keyed to production and handling systems; 

7. By mutual agreement devise raw product specifications and the manner 
in which the raw products are to be inspected for compliance with the 
specifications. 

Any improvement in the suitability of the raw material or any spreading 
of the season over which the raw material may be harvested must improve 
processing efficiency and plant utilization. The development of varieties for 
food processing involves consideration of all those attributes of the raw 
material that are reflected in the quality of the finished product. The 
development of suitable varieties for canning requires close cooperation 
between plant breeders, research stations, and canners. 

The hygienic conditions in the production/harvesting areas can have an 
impact on the quality of the raw products and may even be a health hazard 
with respect to the finished products. Certain hygienic provisions should be 
undertaken to ensure that the risk of such hazards in the final product are 
minimized. 

The raw materials represent a major cost factor. Thus it is vital to 
procure raw products that comply with the specifications that have low 
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detect levels. The preparatory operations generate labor and plant costs and 
may cause product damage, producing material defects. As these 
preparatory steps are essential, they must be carefully designed and the 
operators must be thoroughly trained if defect levels are to be controlled. 
The plan must clearly be to start with the best and then control it carefully. 
Product attributes that affect the preparatory operations are: 

1. Size and shape; 

2. Color; 

3. Texture and functional properties; 

4. Maturity; 

5. Mechanical damage (e.g., punctures, abrasions, etc.); 

6. Insect, animal, fungal, and microbial damage; 

7. Extraneous matter. 

It is apparent from the foregoing that the canner is very concerned with 
the characteristics of the raw materials. The modern canner regards the 
factory as extending back to the growing area and becomes involved in 
contract buying, growth programming, transportation, and storage. 

Shape, uniformity of shape, freedom from surface irregularities, and size 
are important processing attributes, especially in high-speed mechanized 
processes. For example, smooth-shaped potato varieties with shallow eyes 
are preferred for mechanical washing and peeling. The dimensional 
relationships of a food unit are important in the control of the fill weights 
and determine behavior during pneumatic conveying and bulk storage, as 
well as the appearance of the end product. Surface irregularities, such as 
projections and depressions, pose problems during cleaning and processing; 
their removal increases labor costs and decreases yields. Varieties that are 
not prone to these defects are preferred. Shape classifications for U.K. 
varieties of fruits and vegetables are discussed by Arthey (1975). Mohsenin 
(1970) describes the procedures whereby roundness and sphericity may be 
measured and lists data for U.S. varieties of apples and other fruits. 
Information of this type enables the processor to select cultivars for 
particular purposes. 

Optimum dimensions exist for each process and require raw materials 
that comply with these requirements. While sorting can assist in size and 
weight control, raw materials containing gross over- and under-size materials 
present economic and disposal problems. Sampling and testing before 
acceptance should be carried out to ensure conformity with processing 
requirements. 

Raw material color is a prime attribute; however, it is not always a 
reliable index of suitability for canning. For example, some varieties of 
apples and pears develop a pink tinge on canning, rhubarb and some cherry 
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varieties become bleached due to migration of color into canning syrups, and 
chlorophyll is converted into brown-green phaeophytin during the heat 
processing of green vegetables. Color control is best exercised by selecting 
varieties of known processing performance, using the correct pretreatment 
procedures (e.g., blanching), and using process conditions designed to retain 
the natural food color. 

The texture is very important. The raw material should withstand the 
mechanical stresses incurred during the preparatory and processing 
operations as well as yield a final product of the desired texture. Fruit and 
vegetable varieties with improved mechanical strength, such as tough-skinned 
peaches and tomatos suited to mechanized washing, peeling, and sorting, 
have been developed. Other examples include the selection of black currant 
varieties suitable for mechanical strigging (i.e., stalk removal) and pea and 
bean varieties that will withstand mechanical podding. 

Apricots are a good example. Numerous studies have been conducted 
to determine the varieties best suited for canning. While there are many 
varieties, only a few, such as the Blenheim, Tilton, Royal, Moorpark, and 
Kerskirk, are suitable for canning. They should produce large fruit, a quality 
that can be augmented by liberal thinning. The flesh should have good color 
to the base. Some varieties fail in that one side of the base may be hard and 
green, while the other side is becoming soft. Apricots with pale-colored 
flesh are also unacceptable. The optimum harvesting period is very short. 
Green fruit has an astringent taste, whereas, over-ripe fruit is too soft to 
handle. Considerable care must be exercised during the picking and 
transportation to prevent damage. Tree-ripe apricots must be handled 
carefully and promptly. The principal problems encountered in the canned 
product are related to texture (softening). Growth hormones are used to 
increase the size of the fruit, accelerate maturation, improve color 
development, and decrease premature falling. However, they are suspected 
as being detrimental to the canned product quality. Hoss (1956) reported 
that apricots treated in this manner could produce a canned product that has 
a quality fairly close to that of the untreated, and Luh (1968) reported that 
the treatment does not contribute to the softening of the canned product. 
The dosage, timing of the application, and harvesting are critical factors. 
The degree of maturity at harvest is the prime factor that influences the 
quality of the canned product. Penatrometer tests and measurement of the 
dry matter-acid ratio are acceptable means for determining optimal maturity. 
An elevated acidity is directly related to the increased softening that occurs 
at times in the canned product. There is apparently a degradation of the 
pectic substances that are released during thermal processing and subsequent 
storage. 

Enzymatic hydrolysis has been traced to pectolytic enzymes of fungal 
origin (principally Rhizopus, a contaminant of the fresh fruit). A light 
sprinkling or spraying of a caustic solution (i.e., normal solution, instant 
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contact) has been proposed for their inactivation (Sommer, 1978). This 
simple method offers an economic and simple means to inactivate the fungal 
enzymes contaminating the apricots. A study conducted on the Roussillon 
red variety, which is known for its bad behavior in canning (Souty, 1976), has 
shown that the treatment temperature has a great influence on the hydrolysis 
of the protopectin as well as on the acidity. The acid type (i.e., malic or 
citric) has no influence on the rate of hydrolysis of the protopectin. 
Firmness is directly related to protopectin stability, the variety, and the 
degree of maturity. Protopectins are degraded more rapidly in fruit in which 
citric acid predominates than in those in which malic acid is predominant. 
Souty (1969) showed that the behavior of apricot halves was primarily variety 
dependent, and the with in-variety variation a function of the climatic 
conditions during their cultivation. The firmness of the canned product can 
be significantly increased by the addition of calcium ions and decreased by 
any preheating. 

The widespread adoption of mechanical harvesting has stimulated the 
breeding of varieties with suitable growth habits. For example, pea varieties 
are now available that have a low, upright, firm growth that bears tangle-free 
pods. Fruit varieties that may easily be plucked or shaken free by 
mechanical harvesters have been developed. 

The maturity of the raw material is important in controlling both the 
quality of the final product and the effectiveness of processing. Over 
maturity results in a high proportion of reject material, excessive product 
damage, and spoilage during storage. Sterilization or pasteurization 
efficiency may be reduced due to the high microbial loads often encountered 
with over mature materials. Under maturity implies a reduced yield, and the 
final product is liable to have substandard color, flavor, and texture. 
Forecasting of harvest dates is of great value to the planner. The Heat Unit 
System has proved to be useful in predicting bean and pea maturity. This 
system is based on the fact that attainment of maturity is a function of 
growth temperature. Armed with specific growth data on the variety of crop 
and a knowledge of the average meteorological records of the growing area, 
it is possible to make a long-range forecast of the probable harvest date for 
any sowing. The use of early, middle, and late varieties has done much to 
spread the season over which food raw materials can be available for 
processing. 

While offering undoubted advantages, mechanization, unless carefully 
engineered, can cause excessive product damage. Careless operator 
manipulation, unsuitable mechanical handling procedures, poor equipment 
design, and incorrect containerization are some of the prime factors in 
product damage during preparation. Damage increases the risk of mold and 
rot infections, infestation, and acceleration of enzymatic and chemical 
spoilage. The spoilage can spread to adjacent material, causing increased 
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financial loss as well as impairment or invalidation of process effectiveness. 
In extreme cases it can represent a health hazard. 

Product can be damaged by impact with other produce or hard surfaces, 
by excessive pressure of overlying product, by puncture with sharp 
projections, and by abrasion during movement and vibration. Pressure 
damage caused by overlying material in containers that are too deep or by 
overfilling of open top containers that are then stacked is quite common. 
Some apples will not withstand an overlying static weight in excess of 4 kg, 
while peaches are even more fragile. 

While mechanical harvesting has reduced the labor costs in this sector, 
excessive product damage and consequent quality reduction can occur. 
There are also the increased capital investment and maintenance costs, and 
the more careful coordination between the field and the factory. In the 
United Kingdom, the combine harvester, the pea viner, the bean harvester, 
and various harvesters for root crops are familiar. In the United States and 
Canada there has been considerable development of harvesters for many 
other crops (e.g., berry fruits, asparagus, sprouts, cucumbers, cabbage, 
spinach, and tomatoes). Apples and citrus fruits may be harvested using tree 
shakers and blowers. 

Mechanical harvesting machines currently utilize one or more of the 
following principles: 

1. Shaking of trees or bushes carrying crops (sometimes used in conjunction 
with abscission promoting sprays); 

2. Combing of berry fruits such as blueberries and strawberries; 

3. Cutting of cabbages, lettuces, cauliflowers, and the like, the plant being 
severed at ground level; 

4. Pulling of carrots, radishes, and celery in which the stems are gripped by 
opposing driven belts; 

5. Stripping of cucumbers and maize ears using differentially driven soft 
rubber rollers; 

6. Vining of peas and beans involving either stripping, pulling, or cutting of 
the vines followed by podding. 

Harvesting machines frequently carry out other preparative operations 
such as aspiration, screening, destoning, and color sorting. Mechanical 
harvesting, therefore, requires a multidisciplinary approach with breeders, 
farmers, food technologists, engineers, and economists working in close 
cooperation. 

It is mandatory to any process to arrange to have available raw materials 
of the proper quality in the required amounts and at the correct time. 
Delivery delays disorganize production and impair raw material quality. 
Proper scheduling is vital and the canner should either specify delivery 
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procedures in the buying contract, or, alternatively, exclude delivery from the 
supplier’s liability and accept responsibility for the transport. 

Particular care must be exercised in the correct choice of raw product 
delivery containers and in maintaining these in a sound and clean condition 
so as to avoid contamination of the raw material with wood fragments, nails, 
and so on. Where transportation takes place in bags or sacks, careful sack 
cleaning and examination are necessary. Transportation vehicles require 
special attention. They should be properly maintained in order to avoid 
tainting or discoloration of the food by exhaust gases or fuel. Vehicles 
should give a smooth uninterrupted ride to their contents and be well 
ventilated to allow product heat to dissipate during the journey. Above all, 
they should be clean and insect free. 

5.3 RECEPTION AND STORAGE 

All lots should be inspected for evidence of spoilage or insect infestation at 
the time of delivery. Such problems should be dealt with before the product 
is brought into the plant to avoid contamination of other raw product. 
Sampling and testing should be carried out to determine compliance with the 
mutually agreed-upon specifications. 

Raw products may have to be stored due to a temporary oversupply, or 
to spread the production over a longer period, or, in the case where mixed 
products with different harvest dates are to be canned, such as peas and 
potatoes, carrots, and beans. Special attention should be paid to the design 
and construction of storage areas and rooms to facilitate cleaning, and to 
prevent infestation and contamination. 

Some products, like sweet peas and strawberries, are fragile and spoil 
rapidly. These should be processed as soon as they are received because 
they cannot be stored without a loss of quality that can affect yields and final 
product quality. Some commodities, like lettuce, asparagus, mushrooms, and 
some berries, can be stored for short periods if refrigerated. Refrigeration 
or cooling units also act as dehydrators so that the ambient relative humidity 
should be controlled to prevent desiccation or the products enclosed in 
impermeable wrapping. 

Less fragile products, like the root vegetables and some fruits (e.g., 
apples, pears, etc.), can be stored in bulk. The storage conditions and 
facilities should be designed for the products. For example, potatoes are 
stored in the dark to discourage budding and fruits under controlled 
atmosphere to delay maturation and onset of senescence. Most products 
require lowered storage temperatures. Special precautions must be taken for 
some products to avoid the accumulation of heat due to respiration. For 
example, spinach should not be stored in containers at a depth exceeding 1 
m to avoid the accumulation of this heat. 
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To retard browning, perishable fruit, like berries, should be chilled by 
immersion in water at 15°C or less as soon as possible after harvest. Tests 
have shown that the lower the chill temperature, the longer the protection. 
Ascorbic acid can be added to the chill water to limit the development of 
abnormal color spotting, and calcium chloride can be added to maintain the 
fruit firmness. 

Products to be used in mixtures are usually prepared up to the point of 
filling into the containers and then stored for future use. Some of the more 
fragile vegetables and fruits that can only be stored for short periods under 
refrigeration are sometimes frozen. While this can better preserve product 
quality, the added cost can be prohibitive. Storage of vegetables in saline 
solutions, in which the salt content will depend upon the length of storage 
desired, is sometimes preferred. 

5.4 CLEANING 

The purpose of cleaning is to remove undesirable foreign material and 
should be designed to obtain: 

• maximum separation efficiency consistent with minimum wastage of good 
material; 

• complete removal of separated contaminants and avoidance of 
recontamination; 

• a clean product surface in an acceptable condition; 

• minimum quantity and concentrations of residues. 

The foreign material found on fruits and vegetables can be grouped 
under the following headings: 

• Mineral : soil, sand, stones, metallic particles; 

• Plant : twigs; foliage, stalks, pits, skins, husks, rope, and string; 

• Animal : excreta, hair, insect eggs, body parts; 

• Chemical : spray residues, fertilizers; 

• Microbial : microorganisms and their by-products. 

Completely clean raw materials are an unattainable ideal. In practice, 
a balance has to be struck between cleaning costs and the need to produce 
good quality food. For this, the freedom of the raw material from 
extraneous matter should be specified for each end use, taking into 
consideration the extent to which raw material contamination will be 
reflected in the final product. Inefficient removal and disposal of the 
separated contaminants can lead to the recontamination of the cleaned 
product. 



RECEPTION AND PREPARATION 
OF FRUIT AND VEGETABLES 


169 


The condition of the cleaned product surface is of great importance to 
the canner. Rough surfaces are unattractive and the damaged outer cells 
lead to rapid browning. Wet bruised or damaged surfaces provide excellent 
breeding grounds for microorganisms and insect pests such as vinegar flies 
and weevils. 

The prevention of recontamination is often neglected in the design and 
operation of food cleaning equipment in canneries. Effective removal of 
contaminants from the clean raw material and from the processing area is 
an important factor in the effectiveness of the subsequent preservation 
process. The cleaning equipment should be carefully designed and 
constructed. The use of suitable materials, the application of proper sanitary 
design principles, and careful finishing of the equipment are obvious 
requirements that are not always observed. Furthermore, the cleaning 
equipment should be sufficiently flexible to allow for the wide variability in 
the extent and types of contamination encountered in raw materials. 

Mechanical harvesting has increased the extraneous matter in raw 
materials. The increased use of agricultural sprays has increased chemical 
hazards in food processing. Transit damage, adverse storage conditions, and 
processing delays can increase infestation and spoilage. For example, peas 
can develop an offensive off-flavor if they are not processed within 4 hours 
of harvesting. 

5.4.1 Cleaning Methods 

There are two basic types —dry and wet—that are usually used in 
combination. The methods employed depend on the nature of the raw 
material, the contaminants to be removed, and the desired condition of the 
cleaned material. 

5.4.1.1 Dry Cleaning 

While dry cleaning can produce a dry cleaned surface and is relatively 
inexpensive, it is prone to the production of dust, which can be a source of 
product recontamination and, in some cases, a fire and explosion hazard. 

Screens remove contaminants that have sizes different from the product. 
The simplest form, a screen in a frame, is still used in some areas of the 
food industry. These have now been largely replaced by continuous types, 
such as the drum screen (Fig. 5.2) and the flat-bed screen (Fig. 5.3). 

Rotary drum screens are continuous units commonly referred to as 
trommels, centrifugal screens, or reels. They have a large capacity and are 
relatively inexpensive to install, operate, and maintain. However, unless 
carefully designed, they are difficult to clean and are prone to product 
recontamination. 
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Figure 5.2. Sectional drawing of the Le Coq Sifter (Brennan, J., et al., 1976). 


Flat-bed screens consist of one or more flat screen decks fixed together 
in a dust-tight casing that can be shaken or rotated by a variety of devices. 
It is usual to include hard rubber tapper-balls between the decks to minimize 
blockage of the screen apertures with fine materials. They find limited use 
in fruit and vegetable canning. 


Feed 



Eccentric drive unit 

Figure 5.3. Drawing of a flat-bed screening unit. The eccentric drive unit imparts 
a gyratory motion to the box containing the screens (Brennan, J., et al., 1976). 
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Cleaning by abrasion between food particles or between the food and 
moving parts of cleaning machinery is used to loosen and to remove 
adhering contaminants. Trommels, tumblers, vibrators, abrasive discs, and 
rotating brushes are used for this purpose. Scrupulous attention to dust 
removal is necessary to limit recontamination, protect operators, and prevent 
dust explosions. 

Aspiration cleaning (or winnowing) finds wide application in removing 
debris differing in aerodynamic properties from the desired material. The 
material to be cleaned is fed into a controlled velocity stream of air and is 
separated into two or more streams (e.g., light, middle, and heavy). The 
cleaned product is usually discharged as the middle stream, leaving heavy 
debris (e.g., stones, metal or wood) behind while floating off the lighter 
material such as stalks, husks, and hairs. 

Equipment using this principle is shown in Figure 5.4. This method is 
used extensively in combine harvesters, pea-viners, bean-harvesters, and of 
the like and for products not amendable to wet cleaning such as onions or 
melons. Any adhering soil is first loosened by brushes or rotating rubber 
fingers (i.e., pintles). The aggregate extraneous material is then selectively 
removed by the air stream. 

Forced air separators or aspirators use large quantities of low-pressure 
air and consume considerable energy. Dust control is necessary for safety 
and health reasons and to prevent the spread of contaminants. They should 
not be used for products sensitive to oxidation. 

Magnetic cleaning is designed to detect and remove metallic 
contaminants that can damage preparatory equipment from the raw 
products. Rotating or stationary magnetic drums, magnetized belts, magnets 
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Figure 5.4. The Sortex Separator. A and B are two separators in which the solid 
material is removed from the air stream. Separator B has a swivelling discharge to 
allow the equipment to be used as a two- or three-way separator, as shown (Brennan, 
J., et al., 1976). 
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located over belts carrying the food or staggered magnetized grids, through 
which the food is passed, are used involving permanent and electromagnets. 
The contaminants that adhere to the magnets should be frequently removed 
to prevent a buildup that can be swept into the product stream, which results 
in a gross localized recontamination. 

5.4.1.2 Wet Cleaning (Washing) 

Wet cleaning is effective in removing firmly adhering soils. The addition of 
detergents and sanitizers can greatly improve cleaning efficacy. However, 
there are disadvantages. The large amounts of water used subsequently 
produce a considerable volume (15,000 L/metric ton of canned food) of 
highly polluting effluent that requires expensive waste treatment. The 
resulting wet surfaces can spoil more rapidly and may require dewatering to 
provide clean material suitable for processing or storage. When wet 
processes are used attention should be paid to water conservation and 
management as well as plant sanitation and water quality. 

Passive soaking is the simplest wet cleaning method. It is often used as 
a preliminary stage in the cleaning of root vegetables heavily contaminated 
with adhering soil. The soil is softened and partly removed along with 
stones, sand, and other abrasive materials that could damage the machinery 
used in subsequent cleaning or preparation. Soak tanks should be made of 
metal, smooth concrete, or some other impermeable material suitable for 
regular cleaning and disinfection. Absorbent materials such as wood should 
not be used. Gridded bottom outlets are provided for the removal of heavy 
soil, and side outlets should be fitted to allow the removal of light debris 
that would otherwise be drained back into the cleaned material. 

The cleaning efficiency is improved by agitation via caged propeller 
stirrers built into the tank, by slow-moving paddles, or by a horizontal 
perforated rotating drum partially submerged in the soak tank. This 
procedure is particularly applicable for fragile products, such as strawberries 
and asparagus, or for products like spinach or celery that entrap dirt. While 
warm water improves the soaking efficiency it can induce increased microbial 
growth and spoilage. The use of detergents is increasing, especially in foods 
contaminated with spray residues and mineral oil. These must be selected 
with care as they may affect the appearance and texture of the food. For 
example, sodium hexametaphosphate has a softening effect on peas, and 
some metal ions, such as calcium, can increase toughness. 

To practice water economy and reduce effluent volumes, lightly 
contaminated water from subsequent washing stages can be used in the soak 
tanks. When water is reused in this manner it is especially important to 
exercise careful microbiological control and regularly change the soak water. 

Spray washing is a widely used method that exposes the products to 
pressurized water sprays. The cleaning efficiency depends upon the pressure, 
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Figure 5.5. Spray washers. (A) Diagram of a belt-type spray washer. (B) Diagram 

of a spray drum washer, partly cut away to show the spray rod. The 
drum may be made of perforated metal or from slats. Alternatively, 
nonblocking wedge-wire drums may be used [shown diagrammaticaly in 
(C)] (Brennan, J., et al., 1976). 

volume, and temperature of the water, the distance of the food from the 
spray, the exposure time, the number of spray jets used, and the spray 
design. Low-volume/high-pressure sprays, while the most effective, can 
damage ripe soft fruits such as strawberries and delicate vegetables such as 
asparagus. High-pressure sprays are sometimes used to cut out damaged 
parts from peaches and tomatos or black molds on citrus fruits, and to 
remove adherent soil. 

Spray drum washers are reels constructed of metal slats or rods spaced 
to retain the product and allow debris to pass through and a central pipe 
fitted with nozzles or slots to provide the water spray (Fig. 5.5). The drum 
is inclined slightly from the horizontal and slowly rotated. The speed of 
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rotation and angle of inclination control the duration of the washing cycle 
by regulating the movement of the product through the drum. While the 
product-to-product and product-to-drum wall abrasion aids in loosening 
adhering dirt, it can damage delicate fruits and vegetables. 

Spray belt washers use perforated belt conveyors to carry the product 
through banks of water sprays. For roughly spherical foods, such as apples, 
contact is improved by using roller conveyors that rotate the fruit under the 
sprays (Fig. 5.5). For smaller foods, movement under the sprays may be 
produced by using a vibratory conveyor. 

Water conservation and effluent generation are concerns. One 
development in wet cleaning is the U.S.D.A. Rubber Disc-Cleaner. The 
gross contamination is removed from tomatoes in a soak tank. They are 
then conveyed mechanically into a shallow channel, 10 m long by 0.3 m wide, 
in which the adherent soil is removed in 15-25 seconds by exposing the fruit 
to the brushing action of soft rubber discs that spin axially at 450 r.p.m. The 
specially profiled discs, which are about 11 cm in diameter, are mounted at 
8 cm spacing on driven shafts that taper inward from inlet to outlet end. 
The discs are staggered and overlap slightly. Thus the wet fruit is brushed 
as it is conveyed along the channel, with the soil being flung off as a mud 
into the base of the channel, where it is removed. The residual soil is 
removed by spraying briefly with water to which detergents or detergent 
foams may be added. The disc cleaner uses around 20 L of water per metric 
ton of fruit compared with 1500-5000 L/metric ton for conventional cleaning 
processes. Average removals of soil, bacteria, and spores were 99%, 94%, 
and 97% respectively. 

Flotation washing depends upon the difference in the buoyancies 
between the product and the extraneous material. Heavy debris can be 
removed by fluming dirty product over a series of adjustable weirs arranged 
in series. The less buoyant contaminants are trapped by the weirs and 
remain behind, leaving the product contaminated only by material of the 
same or greater buoyancy, which can be separated by passage over a 
vibrating screen under water sprays. 

The flotation washer, illustrated in Figure 5.6, effectively removes stones, 
dirt, and plant debris from peas, beans, dried fruits and similar materials at 
rates of 3 metric tons/hour. To be effective, water flow rates in the range 
of 200-500 L/min are necessary, resulting in a water consumption of 
4000-10000 L/metric ton of product. Recycling of the water is 
recommended. 

Froth flotation, which is an elaboration of the flotation procedure, 
differentially wets the food and its contaminants. This method has been 
used to remove weed-seeds from peas, which are not effectively removed by 
normal flotation methods. The contaminated peas are immersed in a dilute 
mineral oil and detergent emulsion through which air is blown. The 
contaminants float on the foam where they may be removed. The cleaned 
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Figure 5.6. A flotation separation system (Brennan, J. et al., 1976.) 


peas are then given a final wash to remove the emulsion processing aid. 
5.5 SORTING BY SIZE 


Product size is both a critical factor in the control of the filling operation 
and in the final product appearance, as well as being a critical factor for 
many of the preparatory operations. While control of product damage is 
important at all times, it is particularly so during sorting and grading. As 
this is usually the last stage prior to preparation of the product, damage and 
consequent spoilage can be transmitted to the finished product. In addition 
to the particular sorting equipment used, impact damage caused by the 
dumping and falling of product can be extensive unless particular care is 
taken. Many devices are used for minimizing damage of this type, and this 
device is usually adapted for the particular raw material. 

5.5.1 Sorting by Weight 

The size of a food unit is proportional to its weight. Assuming uniform 
density, sorting by weight should produce a more precise size separation 
than dimensional sorting. While equipment designed to handle the products 
at sufficient speeds to be economical is very limited, developments involving 
electromechanical and hydrostatic transducers to sense weight differences 
and electronic (i.e., computer) devices for directing the weighed units into 
the appropriate collection chutes at speeds in keeping with production 
requirements are beginning to make an appearance. A novel approach is 
used in a machine that electronically measures the cross-section dimensions 
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of potatoes at one-quarter inch intervals along their length axes. A 
computer converts the data into weights and then sorts the potatoes into 
four weight categories at rates up to 4500 kg/hour. 

5.5.2 Dimensional Sorting 

Screens of various designs are widely used to effect size separation of foods. 
There are two basic types: fixed and variable aperture screens. 

5.5.2.1 Fixed Aperture 

The size and shape of the apertures are fixed. The product is moved over 
the screen surface by a rotating, vibrating, or gyrating movement of the 
screen. There are two basic designs: flat-bed and drum. Flat-bed screens 
are similar in operation and design to those used in dry cleaning. Drum 
screens are usually used to separate the product into multiple streams that 
require two or more screening stages arranged concentrically or 
consecutively. 

Concentric drum screens (Figure 5.7) are compact and require less floor 
space. However, they have the disadvantage that the product enters via the 
central screen having the smallest screen area. 

Consecutive drum screens (Figure 5.8a) require more floor area and have 
the same disadvantage that the product enters at the end that has the 
smallest aperture, which tends to become overloaded and results in an 
inefficient sorting. The disadvantage can be avoided by a parallel 
arrangement of the screens (Fig. 5.8b) in which the raw material is first 
exposed to the screen with the largest aperture, leaving the following, 
smaller-aperture screens to deal with a reduced quantity of near and 
undersized material. This procedure is repeated at each stage and results in 
more accurate sorting than is possible with a similarly sized series screen. 
Conveying between the screens in the parallel system is usually by water- 
fluming. A drum screen uses spaced, circumferential, wedge-section rods 
instead of perforated screen drums to reduce damage during pea sorting. 

Feed into Perforated drums 



Figure 5.7. Diagram of a concentric screen (Brennan, J., et al., 1976). 
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Feed 



Figure 5.8. Consecutive drum screens: (A) series type; (B) parallel type (Brennan, 
J., et al., 1976). 

The spacing of these rods increases in a series of steps from inlet to outlet. 
Built-in flights ensure smooth transfer of the peas through the sorter. 

The sizing of green bean pods is a good example of the adaptation of 
equipment to the task. The pod is similar to a cylinder terminated at each 
end by a somewhat regular cone. These pseudogeometric shapes are sized 
by passage over a cylindrical grill formed by bars spaced regularly at 
predetermined intervals determined by the average pod diameter for a 
particular size grouping. It is important that the pod diameter be as uniform 
as possible (i.e., absence of formed seeds in the pod) over the length of the 
cylinder. The grills rotate on their horizontal axis and at an adjustable angle 
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to the horizontal that determines the flow-through rate. The bean pods are 
subject to two forces: gravitational (i.e., their weight) and centrifugal (i.e., 
cylinder rotation). The gravitational force tends to keep the beans in the 
lower part of the cylinder, whereas the centrifugal force causes them to 
ascend the side in the direction of the rotation until the centrifugal force is 
insufficient to maintain them in position. Thus they are constantly being 
aligned and forced against the slots between the bars and fall through if their 
diameter is appropriate. The inclined rotating grill produces a helicoidal 
movement along the cylinder. A succession of bars with increasing spacings 
permits a very precise sorting of the pods. The result of this operation or 
the yield of the sizing will be a function of the vegetable mass in the sizing 
cylinder, the rotary speed, and the quality of the raw material being worked. 
The helicoidal movement permits continuous operation. The spacing of the 
bars determines the efficacy of the sizing and the end trimming that follows 
(i.e., second operation). The "pitch" of the helicoid will be determined by 
the angle of the drum with the horizontal, by the centrifugal force created 
by the rotation, the mass of vegetables present, and the internal rubbing 
together of the contents. 



Large apple will move Small apple about to 

to left (down hill) where fall between rollers 

roller gap Is larger 


(A) 


Direction of roller conveyor 



Figure 5.9. Roller sorters. (A) Inclined roller type. (B) Operating principle of a 
Mather and Plat Grovesend Grader (Brennan, J., et ah, 1976). 
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5.S.2.2 Variable Aperture Screens 

The simplest continuously variable aperture screen consists of a pair of 
driven rollers inclined at an adjustable angle from one end to the other and 
an adjustable, continuously increasing aperture between the rolls. The rotary 
motion of the rollers orients the food into the position representing the most 
regular shape. Thus, apples tend to be aligned with the stem-calyx axis 
parallel to the rolls (Fig. 5.9a). Padded collection chutes, located at intervals 
below the rollers collect the size-sorted product. 

A variable pitch roller (Fig. 5.9b) is the principle involved in the 
patented Grovesend Grader (Mather and Platt Ltd., Radcliffe, Manchester, 
England. Publication No. Q.P. 2697). The gap between the rollers increases 
regularly from the inlet to the outlet end of the conveyor. The food (i.e., 
fruit or root vegetables) remains on the conveyor until it encounters a gap 
in the rollers through which it falls into a padded collection chute. The 
roller pitch may be adjusted as required. 

A diverging aperture can be produced by two driven inclined cables or 
ropes driven at the same or different speeds. Separation takes place on the 
basis of the minimum dimension of the most stable position, as illustrated 
in Figure 5.9. 

Belt sorters, Figure 5.10, carried the food continuously along a diverging 
slot produced by driven inclined belts. There is a tendency for the food to 
slip through sideways, leading to uneven sorting. This can, in part, be 
corrected by driving the belts at different speeds. Sorters of this type are 
more gentle with the food compared with drum and moving screen sorters 
and are widely used for ripe fruits. Their efficiency has been improved 
substantially by the patented system used in the Jansen Fruitsizer (Fig. 5.11) 
(Jansen Patents Ltd., Reading, Berks, England) in which the fruit is carried 
on endless felt belts that travel along either side of a V-shaped channel. The 
base of the V is cut away at an incline that slopes upwards from the 
inlet end of the sorter. Thus an inclined slot of a width that increases 




Figure 5.10. The position of pears on a rope sorter. C represents the center of 

gravity of the fruit (Brennan, J., et al., 1976). 
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Flexible belts 
conveying fruit 


Figure 5.11. The behavior of fruit during belt sorting. (Left) The diverging belt 

system where the fruit sinks in the channel throughout the process, 
producing a tendency for it to slip sideways. (Right) The Jansen 
Fruitsizer where the fruit remains at a constant depth until sorted 
(Brennan, J., et al., 1976). 


continuously from inlet to outlet is produced. The belts are driven at 
different speeds to produce correct orientation of the units. After passing 
through a short stabilizing section, the product moves along the sorter at 
constant depth in the V, depending upon their size, maintaining its correct 
orientation until it meets a position in the channel that permits it to fall 
through to a receiving chute. 

Stepwise variable aperture roller-conveyor sorters may be arranged into 
two banks of driven rollers located one above the other. The top bank has 
a fixed spacing that is greater than the diameter of the largest item to be 
sorted. The bottom rolls are arranged to give a stepwise-variable gap 
between the two roller banks (Fig. 5.12). The food is both conveyed and 



Figure 5.12. The operating principle of a stepped roller sorter (Brennan, J., et al., 
1976). 
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Stepped rollers 
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(B) 


Figure 5.13. The operating principle of a belt and roller sorter. (A) Oblique view. 
(B) Section across conveyor belt (Brennan, J., et al., 1976). 

rotated by the friction-driven rollers. Cucumbers, gherkins, and similar 
foods with one long dimension may be width sized on this type of sorter. 

The belt and roller sorter (Fig. 5.13) consists of a belt conveyor inclined 
across its width toward driven rollers. The gap between each roller and the 
belt is adjusted to give the required size categories. The driven rolls cause 
the fruit to rotate in the position of most uniform shape (e.g., apples with 
their cores parallel to the to the rollers). This is an effective high- 
speedsorting machine, but some bruising of delicate fruit is encountered. 

The screw sorter (Fig. 5.14) carries the food on two partially 
intermeshing helixes, one of that is continuous while the other is divided into 
sections. The sorting gap between the sections and the continuous helix may 
be adjusted to give a stepwise increase in aperture. The rotation of the 
spirals both conveys the food and orients it in the position of most regular 
dimensions. The helixes, which are usually felt covered, rotate relatively 
slowly, and gentle handling the product results. Those in which there is a 



Pieces being sorted 


Direction of motion 
of pieces ~ 


Figure 5.14. A diagrammatic view of a screw sorter (Brennan, J., et al., 1976) 
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Figure 5.15. Method of operation of a Sortex Polygrader length sorter. Food pieces 

pass down the channels in a vibratory feeding table. The step in the 
table helps break clusters and ensure that the pieces reach the sorting 
bar in a single stream, one after the other. Short pieces are unable to 
bridge the gap between the table and the bar, while longer pieces can 
pass over the bar. (Brennan, J. et al., 1976). 

tumbling action tend to damage the product that can be minimized by the 
use of felt-covered or soft rubber rollers. 

Length and width sorting may be carried out by conveying the food 
along slotted channels arranged in cascade. The gaps between the channel 
ends increase in steps so that food units unable to bridge these gaps fall 
through and are thereby sorted on a length basis (Fig. 5.15). Vibration is a 
convenient method of conveying in these sorters. 

Photoelectric size sorting on length or width basis may be effected by 
electronic measurement of the time required by an object, traveling at 
constant speed, to pass a photocell. Food units such as potatoes, cucumbers, 
and so on are aligned in vibrated channels for scanning. 

5.6 PEELING AND TRIMMING 

5.6.1 Peeling 

The skins of some fruits and vegetables tend to be tough, especially after 
thermal processing, and detracts from the product appearance and consumer 
acceptance. The different procedures, each based on distinct principles, are 
used for the removal of the skins. 

5.6.1.1 Mechanical 

Mechanical peeling involves cutting (knives) or abrasion. 

Cutting is the method used for asparagus, which are held by their points 
or heads and brought to movable knives, which remove the skin. At each 
pass by the knives the asparagus is slightly rotated (Jubertie). A similar 
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method is used for apples and pears in which the knives or cutters conform 
to the shape of the fruit and remove the skin while the fruit is being rotated. 

The best known apparatus for abrasion peeling is that used for potatoes. 
The basic design consists of a bowl whose interior walls are covered with 
carborundum. A carborundum-coated rotating disk equipped with ribbing 
is located on the bottom to agitate the product in the bowl. The surface of 
the product is ground away by the rubbing action against the carborundum 
surfaces. To increase the line productivity, it may be necessary to use 
several machines operating in parallel. One machine manufacturer has 
replaced the abrasive with circular knives that give the product a cleaner 
appearance and not grained like that from the abrasive action. 

5.6.1.2 Chemical 

The conventional methods use hot caustic solutions to soften the skin, which 
can then be easily removed by brushing or water jets. While this method is 
being replaced by steam, it still reigns supreme for peeling salsify and some 
fruits, like some peach varieties and apricots. 

Because the salsify skin contains gums, steam peeling is difficult. 
Mechanical peeling is out of the question, as the latex released by the skin 
soon renders the knives and the abrasives inoperative. Caustic (sodium 
hydroxide) peeling is carried out in baths that contain 10% aqueous caustic 
soda solution heated to around 80°C. The immersion varies with the size 
and the prior storage conditions, which can affect skin consistency. The 
residual caustic level, determined by acid-base titration, is kept constant by 
additions of caustic in the form of flakes or concentrated solutions. The 
caustic soda is often replaced by less hazardous, but less efficient, 
compounds. Surfactants are sometimes added to increase the efficiency. 
The combination products used most often are Pelor and Gallorep. 

Caustic peeling consumes considerable quantities of water and is 
potentially very polluting with respect to the effluent. This disadvantage has 
been somewhat overcome by a technique developed by the Magnusson 
Company of the United States, in which the alkaline activity is combined 
with brushes and heat, which permits the elimination of a major part of the 
skin that is separated practically dry and limits the water consumption and 
the potential for pollution. 

5.6.1.3 Thermal Shock (Steam) Peeling 

This method is more common to processors that have large quantities of 
steam, like canneries. The application steam or very hot water thermally 
shocks the superficial layers of the product to be peeled with the depth 
dependent upon the temperature and time of exposure. After immediate 
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and rapid cooling, the thin external portions are removed by friction and/or 
by water jets. When carried out under vacuum, a suction effect is applied 
to the superficial layers by the lowering of the temperature due to the action 
of the vacuum. 

5.6.1.4 Flame Peeling 

The product surface is heated by exposure to infrared rays generated by a 
refractory tube, and heated on the exterior by a row of gas burners, through 
which the product is passed. Upon exiting, the products are brushed and 
rinsed to remove the burned superficial layers. This method is primarily 
used for chestnuts or onions by utilizing the differences in the dryness of the 
superficial layers with the rest of the product, or for peppers for which the 
residual taste does not constitute an obstacle being similar to the process 
practiced domestically. 

5.6.2 Trimming 

Unfortunately, due to the variation in the shapes and sizes of the raw 
products and to the types of material that must be removed or trimmed 
away (e.g., particles of skin, bruised areas, etc.), this procedure is mainly 
manual. 

A machine capable of mechanically removing the ends of green beans 
has been developed. The operational principle of this machine is simple. 
As the ends of the beans are tapered, it is possible to place the beans into 
plates that have truncated holes through which only the ends will pass. The 
protruding ends are then cut off. It is important that the end containing the 
stem be removed. The sizes of the slots should be precisely determined so 
that enough but not too much of the ends are removed, which in turn 
requires very good sizing. The efficacy is evaluated by the quality of the 
trimmed pods and by the volume and appearance of the waste. Waste 
composed only of conical pieces is acceptable, whereas the presence of 
cylindrical parts indicates that the machine is cutting too far up the pods and 
the sizing of the slots is incorrect. The more uniform the shape of the bean 
pod and the subsequent size groups, the more efficient the end trimming. 
The trimmed product is then sized. 

As vegetables, like leeks, asparagus, celery hearts, and, in some cases, 
green and yellow beans, are packed upright in the container, their length 
cannot exceed the height of the container less the depth of the head space. 
Equipment with circular cutting blades and gauges are frequently used for 
this purpose. To partially automate this operation, a bucket or pocket 
conveyor orients the vegetables lengthwise so that they can be cut into one 
or more pieces that have the appropriate length. 
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Figure 5.16. Principle of the cutting head of a Model 30 Urschel cutter (de Metz 
Noblat, E., 1991). 

5.7 SIZE REDUCTION (Cutting and Segmentation) 

The primary reasons for reducing the particle size of various fruits and 
vegetables are: 

• to obtain particles that can easily and effectively be packed into the 
containers for canning; 

• to produce particles that have a more or less regular size and shape to 
facilitate the efficiency and uniformity of the thermal process; 

• to present a final product that will be attractive to the consumer and can 
be consumed with little prior preparation. 

The apparatus commonly used for green and yellow beans and other 
similar vegetables consists of a conical bowl whose walls are equipped with 
vertical shoulders that can arrange the product vertically for presentation to 
a series of cutters (Fig. 5.16). 

Other machines cut fruit or vegetables into cubes and other similar 
shapes. These have a series of circular horizontal and vertical blades whose 
intervals between can be set to give the size and shape required (Fig. 5.17). 
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Figure 5.17. Cutting principle of Models G, GK, and H Urschel cutters (de Metz 
Noblat, E., 1991). 

While decreasing the size of the pieces, the potential homogeneity of the 
appearance of the resulting product increases. However, subsequent cooking 
can lead to a significant disintegration of the pieces that will in turn 
adversely affect the appearance of the product. 

Cross cutting is a derivative of the preceding system. However, in this 
case, the product must be appropriately aligned so that the cutting can be 
undertaken along the desired axis (Fig. 5.18). 

For longitudinal or strip cutting the most commonly used equipment is 
composed of vertical cylinders whose walls are equipped with openings that 



Figure 5.18. Cutting principle of the Model W Urschel cutter (de Metz Noblat, E., 1991). 
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Figure 5.19. Cutting principle of the Urschel Model CC cutter (de Metz Noblat, E., 

1976). 

have a cutter on a margin (Fig. 5.19). While the cutting is most often 
straight, there are also variable opening shapes that will present the product 
to the cutters in a different direction. 

The size reduction of fruit is somewhat more complex and variable than 
it is for vegetables. The following is a general review of the different forms 
available in canned fruits. 

1. Whole or the Appearance of Whole 

Fruits—commonly canned whole—are plums, prunes, cherries (frequently 
pitted), and so on, and scooped fruit such as melon balls. 

2. Halves 

The fruit is cut into halves along the longitudinal axis and, where possible, 
along the growth line. Generally restricted to the larger ovoid fruits, like 
peaches, apricots, pears, and so on, and with pits, stones, or cores removed. 

3. Quarters 

As for the halves, except resulting from a division into four approximately 
equal parts along the longitudinal axis with cores, pits, and stones removed. 
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4. Sections 

These are composed of practically equal pieces that are obtained by dividing 
the fruit into more than four parts approximately following the longitudinal 
axis. Included in this category are those segments or wedges obtained by 
following the natural tissue separation of the fruit as is found in the citrus 
fruits. 

5. Slices 

These are generally smaller than the sections and again are obtained by 
cutting the fruit along the longitudinal axis. The exception is sliced 
pineapple rings. Each slice is to have approximately the same thickness, 
which should be between 7 and 12.5 mm for pineapple, depending upon the 
size of cans used. 

6. Pieces 

These may or may not have a uniform size and shape and include cubes, 
broken slices, and the like. 

7. Crushed or Ground 

In this the fruit is mechanically crushed or ground as, for example, in 
products like crushed pineapple, apple sauce, and various purees. 

The fruit products at this stage should be practically free from vegetable 
matter such as stems, calyxes, sepals, leaves, parts of the epidermis, ligneous 
parts, nuts, pits (stones), or their fragments. A stone fragment is considered 
to be a defect when its largest dimension is > 5 mm (Codex Alimentarius 
worldwide Standard for Canned Peaches, 14-1991). Some countries have 
lower tolerances (e.g., in Canada the maximum size is 2 mm). The fruits 
should be sound and have attained a degree of maturity appropriate for 
canning. They should not be deprived of any of their essential elements, 
t hey should be cleaned, peeled, pared, and trimmed so that the inedible 
portions such as peel, pits of the large fruits (e.g., pears, apples, citrus, etc.), 
seeds, calyxes, ligneous portions, axial portions, and stones in the case of 
destoned fruits have been removed as well as surface discolorations such as 
blemishes, bruises, and so on. 

Many countries have established grade standards for fruits that take into 
consideration the presence of a limited number of damaged units in which 
the paring has been excessive, affecting the normal shape of the fruit by 
producing surface indentations, or are divided into several parts, including 
crushed units. Fruit halves that have not been cut vertically (i.e., by 
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respecting the growth line for certain fruits) are considered to be 
mechanically damaged. 

Grade standards describe permitted defects and tolerances that are 
expressed by weight or number. Some examples of international standards 
that employ defect counts are discussed in Chapter 18. 

5.8 BLANCHING 

The blanching process has many objectives; however, not all are applicable 
to all fruits and vegetables that are treated. There are also some adverse 
reactions that affect product quality. 

5.8.1 Objectives 

5.8.1.1 Modification of Tissue Structure (Texture) 

The flexibility of many products is increased by the application of moist heat, 
which facilitates the packing operation with a minimum of physical damage 
and permits a greater weight-to-volume ratio. The latter is important in 
control of the fill weight. 

Blanching starchy vegetables, such as kidney beans, peas, white beans, and 
so on, in hard water tends to protect the starch granules against breakdown 
by microlesion. This results in a clearer postprocess packing medium and 
a more consistent drained weight. By contrast, soft water blanching tends 
to increase starch granule breakdown, which produces a more turbid packing 
medium and a greater drained weight variation. 

Hard-water blanching increases the firmness of some vegetables as the 
calcium in water can react with the pectin and the pectocellulosic complex 
of the membrane walls of the cells produces a firmer product. The firming 
effect can continue during storage. Soft-water blanching has the opposite 
effect (i.e., increased tenderness). During blanching, as the calcium is taken 
up by the pectin, the water becomes increasingly more soft. Thus, when 
hard-water blanching is desired, the calcium levels should be maintained by 
either continuously renewing the water or by adding soluble calcium salts. 
The addition of specific firming agents can be avoided by hard-water 
blanching. 

5.8.1.2 Removal of Intercellular Air and Other Gases 

Raw fruits and vegetables contain intercellular air and other gases that will 
be liberated during sterilization or pasteurization if they are not removed 
during blanching. The oxygen in the air released into the head space can 
cause product oxidation and internal oxidative corrosion of the containers. 
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The gases will reduce head-space vacuums that may create internal pressure 
problems during retorting and affect the attainment of sterility in agitating 
retorts. 


5.8.1.3 Reduction of Superficial Microbial and Chemical Contamination 

Blanching reduces the levels of microbial, pesticide, and fungicide 
contaminants. The reduction depends upon the blanching method used, the 
temperature, and the exposure time. Hot-water blanching can produce the 
greatest reductions due to the added washing effect. 

It should be noted that the heat thermally shocks spores, which facilitates 
their germination following the blanching. If blanched vegetable products 
are to be held for any length of time prior to further thermal processing, 
they should be cooled to below 40°C to minimize germination and growth 
of these organisms. 

Inadequate cleaning and disinfection of the blanchers can give rise to the 
establishment of thermally resistant microorganisms especially adapted to the 
temperatures and materials used. Increased levels of such microorganisms 
in the product will put increased demands on the final thermal process and 
could result in understerilization. 


5.8.1.4 Enzyme Inactivation 

Most enzymes in fruits and vegetables are inactivated by heat. For products 
to be canned, the enzyme inactivation need only be partial, as it will be 
completed during the subsequent thermal treatment. However, the partial 
(surface) enzyme inactivation is important for products that may be held for 
some time at ambient temperatures to minimize any adverse effects of 
enzyme activity (e.g., flavor, color, and texture changes). 


5.8.1.5 Adjust 


it 


ent of the Moisture Levels 


During cooking, some vegetables (e.g., mushrooms, spinach, or very tender 
sweet peas) lose weight due to a leaching of their component fluids, while 
others (e.g., kidney beans or potatoes) take up water. Thus, during the final 
thermal processing, the alterations in the moisture content of the product 
can make control of the final drained weight very difficult. Moisture 
variations in products can be decreased by blanching and/or prior soaking so 
that fill weights will be closer to the final drained weights. 


5.8.1.6 Preserving the Color of Fruits Containing Anthocyanin Pigments 

The water-soluble anthocyanins can be degraded by enzymatic oxidation 
(e.g., polyphenol oxidase), which produces a significant decoloration at 
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ambient temperatures within a few hours. The polyphenol oxidase is 
inactivated by blanching for a few minutes at 100°C. Peroxides from fatty 
acid oxidation that can cause a breakdown of chlorophyll, which produces 
a brown coloration during storage of unblanched green vegetables, can be 
inactivated by blanching. 

5.8.2 Adverse Effects 

5.8.2.1 Loss by Dissolution 

Water-soluble components are leached during blanching. The amounts vary 
and are difficult to predict as they depend upon: 

• the heating medium (e.g., water, steam, or hot air); 

• the temperature; 

• the osmotic pressure of the heating medium (dissolution is optimal at the 
start with fresh water, decreasing as the concentration of dissolved 
organic matter increases); 

• the product surface area-to-volume ratio (thus, a leafy product will be 
more susceptible to exchanges than a seed or root vegetable); 

• the duration of the treatment (Fig. 5.20). 

5.8.2.2 Vitamin Reduction 

During blanching some vitamins are lost due to thermal degradation and 
dissolution. The effect of heating on the levels of some vitamins in peas is 
given in Table 5.1. The losses can be reduced by shorter exposure times at 



Figure 5.20. Sugar losses in wrinkled peas blanched in boiling water with respect to 
time (Varaquaux, 1971). 
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Table 5.1. Retention of Some Vitamins Expressed as a Percentage of the 


Fresh Washed Weight (Peas) 



Ascorbic 

Acid 

B 1 

B 2 

Niacin 

Carotenes 

Fresh 

100 

100 

100 

100 

100 

Fresh, cooked 

81 

93 

108 

93 

78 

Fresh, blanched 

67 

95 

81 

90 

102 

Blanched, frozen 

55 

94 

78 

76 

102 

Blanched, frozen 
and cooked 

38 

63 

72 

79 

103 


Source: From Guerrant and O’Hara. 


higher temperatures, as illustrated in Figure 5.20. In the majority of cases, 
it is not known whether the loss is due to dissolution or heat or both. 

5.8.2.3 Undesirable Color Changes 

Color changes in green vegetables are attributed to a redistribution of the 
chlorophyllic compounds within the cells that follows a thermal breakdown 
of the chloroplasts. Chlorophyll A is relatively heat labile in a weak acidic 
medium, whereas B is more stable. Thus the ratio of A to B is a measure 
of the degradation of chlorophyll. The reduced chlorophyll level is not due 
to dissolution; rather, it is due to degradation to pheophytin, which is 
generally seen by a yellowing of the chlorophyllic extract observed in green 
vegetables during cooking. 

The loss of /? carotene is not very large during blanching. Blanching 
preserves actually the /? carotene against the action of oxidizing enzymes 
during storage. Therefore, losses will be more extensive when the products 
are not blanched. For example, there is no variation in the /3 carotene level 
in blanched peas over time, whereas there is a 50% reduction in the 
nonblanched over 5 years. 

The addition of sodium carbonate to the blanching water neutralizes the 
natural acidity of the product. Chlorophyll is protected during the thermal 
treatment and the subsequent product color is closer to the original fresh 
green. The transition of chlorophyll to pheophytin can also be limited by 
the presence of sodium chloride, potassium chloride, disodium sulfate, or 
potassium and ammonium carbonate. 

Citric acid is frequently added to enhance the white color of some 
vegetables as it limits the oxidation at elevated temperatures of products 
susceptible to browning and pink coloration. It also intervenes in the 
formation of pigment complexes that are uncolored in the fresh vegetable, 
but can become colored following oxidation at elevated temperatures. Citric 
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acid also has an influence on the form of endive leaves that take on a 
shredded appearance if they are blanched in running water. The use of both 
citric and ascorbic acids is permitted. Because of its antioxidant properties, 
ascorbic acid is sometimes used, but, as it is heat labile, its effect is rapidly 
lost in a blancher. In addition, it is a very difficult product to use. 
Polyphenol oxidase is very heat labile in an acid medium. Thus, the 
coloration of mushrooms and endives will be attenuated during blanching by 
the addition of citric acid. 

5.8.3 Blanching Procedures 

Blanching is carried out in hot water or steam. The advantages and 
disadvantages of the two heating media are summarized in Table 5.2. 

5.8.3.1 Water Blanching 

The water blanchers, commonly used by canners, have helicoidal screws 
partially or totally immersed in the water. They are of simple design, robust 
and least expensive to buy. The IBC (Integrated Blancher/Cooler) process 
heats and cools by an integrated water spray. The water flows counter- 

Table 5.2. A Comparison of Water and Steam Blanching 

Steam 


Blanching 


Water 



ospheric 


Under 

Pressure 


Products 

Cleaning effect 

great 

reduced 

reduced 

Leaching 

great 

reduced 

reduced 

Mechanical deterioration 

average 

weak 

average 

Heat transfer 

very good 

good 

very good 

Treatment uniformity 

good 

average 

good to 

Microbial contamination 

average 

weak 

very good 
nil 

Additive addition 

possible 

difficult 


Fluid 

Temperature uniformity 

good 

average 

good 

Water consumption 

large 

slight 

slight 

Steam consumption 

large 

average 

slight 

Effluent 

great 

reduced 


In service speed 

slow 

rapid 
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current to the product flow and is continuously recycled. The water heated 
by the hot blanched product in the cooling section is cooled in a heat 
exchanger which in turn is used to heat the water in the preheat section, 
providing economy in the use of water and energy. 




Stea 


Blanching 


As most canneries have an adequate supply of low-pressure steam, steam 
blanching is becoming more popular. The simplest design has a metal mesh 
conveyor that moves through a tunnel with steam jets located under the 
conveyor. To minimize the loss of steam the two ends are enclosed 
bycurtains. While relatively inexpensive and easy to manufacture, they are 
prone to temperature variations due to the effect of air currents. 

To minimize steam losses, hydrostatic tunnels were constructed in which 
the product conveyor belts pass through a chamber whose base rests in a 5- 
cm-deep trough of water that forms a hydrostatic seal capable of supporting 
a slight steam pressure. As the steam is almost completely contained, it can 
be recycled. The temperature gradients frequently observed in the 
atmospheric steam blanchers are practically nonexistent and the treatment 
uniformity is good. These must be operated at the required temperatures 
consistent with the steam pressure. At suboptimal temperatures the steam 
will not be uniformly distributed, whereas at above optimal temperature 
steam will be released at the hydrostatic seals due to the elevated pressure. 
The margin between the two temperatures is slight and requires careful 
control. 

Blanching under higher steam pressures increases the temperature, 
improves steam convection, increases the blanching rate, decreases steam 
loss, and produces higher reduction in the microbial contamination. The 
first pressure steam blancher constructed (Femia, BV20) used air locks to 
maintain internal pressures up to 0.5 bar (i.e., approximately 0.5 atms) and 
is reported to provide excellent temperature uniformity. Airlocks limit the 
loss of steam and further heat loss by radiation is minimized by appropriate 
insulation. While this type of equipment is more expensive and complicated 
to operate, it is becoming more attractive to canners. 

5.9 PACKING (FILLING) 

The primary role of the filling operation is to place a specified quantity (e.g., 
weight, number, or volume) of the product into a container. The quantity 
that can be added is primarily dictated by the size of the container. In many 
cases, government regulations specify fill requirements in terms of drained 
weight, net weight, number, or volume. While most filling operations are 
carried out mechanically by a wide variety of fillers, manual packing is still 
in use and is mandatory for some products. 
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Precision and accuracy are dependent upon the type, state, shape, and 
size of the product. For solid products, the particle size has a direct 
influence on the fill precision (i.e., reproducibility). For example, the 
precision can be quite good (i.e., within a few grams) for peas that have 
individual weights between 0.2 and 0.4 g, whereas whole potatoes or carrots 
that have higher and more variable individual weights can easily show a 
variation of 10-15 g. While fillers in combination with automatic weighing 
can increase the precision, a fairly uniform particle size is a prerequisite. 

A filling operation should provide a uniform head space. For many 
products and container types, an appropriate head space is a critical factor 
in the attainment of the required vacuum in the sealed container. Excessive 
head space can result in an excess of air in the final product, which can 
accelerate product oxidation and eventually cause internal container 
corrosion. Insufficient head space can lead to the permanent deformation 
of the container ends and possible leakage due to the expansion of the 
product and contained gases, which would render the product unsaleable. 
The precise adjustment of the head space to a predetermined level is 
necessary in order to guarantee the desired heat penetration and to avoid 
the risk of underprocessing in agitation retorting. 

An ideal filler should: 

• fill the required quantity accurately and consistently; 

• avoid contamination of seal areas with product; 

• permit quick and accurate adjustments to the quantity delivered easily; 

• be adaptable for use with a variety of products and types; 

• have food contact surfaces constructed with impermeable materials; 

• be designed and constructed to permit easy and efficient cleaning and 
disinfection; 

• have no dead or blind spots in which product can accumulate and provide 
opportunity for microbial growth and product contamination. 

A "no container-no filling" detector should be installed as a safety 
measure. In addition, electronic check weighers can be installed 
continuously to verify the fill weight in each container, rejecting those under 
or over weight. 

In most countries, it is the drained weight after processing that is 
regulated, not the fill weight. During the thermal processing, the product is 
in continuous contact with the hot cover liquid and osmotic exchanges take 
place. Therefore, the solid components of some products during thermal 
treatment and to a lesser degree during storage are going to either take on 
or lose weight. Thus, the fill weights must compensate for any gain or loss. 
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At this time, there is no definitive method for accurately forecasting the 
extent of this problem. Unfortunately, experience is the best teacher. 

5.9.1 Manual Filling 

This method is still used by some small canners and for products that are 
difficult to pack mechanically or that require a specific arrangement in the 
container. To protect workers’ hands the product cannot be packed hot. 
Therefore, blanched products must be cooled before packing. While the use 
of gloves is indispensable, it will not protect the hands against the heat over 
any period of time. Should the cooled product be held for an appreciable 
time before filling and thermal processing, it should be chilled to under 
10°C and, if necessary, be reheated prior to sealing the container. 

The simplest means to measure the desired quantity (i.e., volume) is to 
use the container as the gauge. The appropriate container can be used as 
a measuring scoop, or scoops can be specially constructed to give the desired 
volume. An innovation is to have a flat-bottomed hopper that has holes of 
the appropriate diameter around the flat surface. Cans are placed under the 
holes, product is dumped onto the hopper, and then scraped into the cans 
via the holes. The fill weights are usually checked and adjusted as required. 

In the case where a specific number of product units is required, they 
are counted out manually and placed in the container. Special arrangements 
usually require manual manipulation. One advantage to manual filling is 
that it provides an additional opportunity to remove defective product. 

5.9.2 Mechanical Filling 
5.9.2.1 Volumetric 

This is the simplest method and is preferred for liquids, purees, juices, some 
soups, and so on. To obtain any degree of consistency with respect to the 
fill weight, solid products must have a uniform density and particle size (i.e., 
a consistent and predictable weight-to-volume ratio). Fill weight variations 
are primarily due to variations in unit particle size. 

A wide variety of equipment is available for this filling method. The 
most common have pockets of the appropriate volume attached to a rotating 
drum or table that positions the pockets in succession underneath a hopper. 
A trap on the hopper is automatically opened to allow the product to flow 
into and fill the pocket. When the pocket is filled, the trap is closed, the 
next container is brought around, and the procedure is repeated. The 
pocket volume can generally be adjusted to accommodate various container 
sizes and to fine tune the quantity to minimize pocket-to-pocket variation. 
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One problem is that moist product tends to cling to the sides of the pockets. 
In some cases high-frequency vibrations are transmitted to the pockets to 
encourage clinging product to fall clear. 

Solbern or Nico fillers are examples of machines that function on the 
basis of a volumetric measurement coupled with a statistical control. Each 
of the two machines brings the containers under a layer of moving product. 

The Solbern carries out this operation by taking the product into a 
cylinder equipped with ribs or vanes. Inside this apparatus, the cans advance 
on a moving cable. They are agitated in a manner that permits them to be 
appropriately filled without creation of voids that would adversely affect the 
required product volume. Product that does not fall into the containers is 
collected at the bottom of the cylinder and recycled. 

Nico uses a vibrating table to present the product over the containers 
in as homogeneous a manner as possible. The product that does not fall 
into the containers falls through onto a belt and is returned to the head of 
the machine. 

The control of these machines lies with the quantity of product 
presented at any instant in the machine, the rotational speed of the drum for 
the Solbern, and the agitation of the table for the Nico. The speed of the 
containers through the machines as well as their agitation can also be altered 
to affect the fill. 


5.9.2.2 Gravimetrically 

Equipment for this purpose is generally more expensive and slower. 
However, faster and better equipment is becoming available using a 
combination of stress/strain gauges and electronic computer controls. 
Weighing is generally only used to validate manual or volumetric fill. It is 
carried out manually or continuously with automatic check weighers installed 
in-line and equipped with ejectors. Thus, over- and underfilled containers 
can be detected and rejected. Some automatic equipment calculates ongoing 
averages and standard deviations so that fill weight corrections can be made. 


5.9.3 


Mixtures and Co 


19 


binations 


Products like a vegetable macedoine and fruit salads can present special 
problems because they are a mixture of solid particles of various shapes (e.g., 
cubes, spheres, ovals, and cylinders). For a volumetric fill operation, the 
different components should be formed into a mixture that has a uniform 
composition or is filled one component at a time. To attain a uniform 
mixture, the product particles must have a predictable uniform size and 
shape. For example, the larger root vegetables—carrots, turnips, and 
potatoes—are cut into cubes and green beans are cut into more or less 
uniform cylinders from 1 to 2.5 cm in length, whereas green peas (spheres) 
and green kidney beans (asymmetrical ovals) will be used as they are. 
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The mixture of these different shapes should be standardized to 
facilitate thermal process uniformity and for consumer satisfaction. For 
example, assume a specification that requires that 50% will be in the form 
of cubes. The resultant mixture that has the different shapes and densities 
should be kept as uniform as possible throughout the mass so that the 50:50 
composition is more or less assured in each portion drawn from it during the 
subsequent filling operation. As the uniformity of the mix in each container 
can be critical in the thermal process, it should be routinely evaluated by 
taking representative samples. 

A simple technique to evaluate the mix composition is to drain and 
spread the sample out on to a flat surface that is then inclined to an 
appropriate angle (gained from experience). The plate is then tapped. First, 
the spheres will roll, separating the peas. Next will come the green kidney 
beans (ovals), then the green beans (cylinders). Finally, the cubes will 
remain, stuck by their flat surfaces. They can then be very easily separated 
according to their color (i.e., orange and white). This technique can be 
adapted to accommodate mixtures of other fruits and vegetable products. 

Combinations of product that are not mixed are also packed. These are 
generally packed in glass so that the combination can be seen by the 
consumer. The primary caution is that the products must be packed in a 
manner that they do not become mixed during the subsequent processing 
and handling. The product that has the smallest size usually is packed first, 
followed by the next, and so on. The smaller product packs closer together, 
leaving between product spaces smaller than the next bigger product, hence 
preventing intermixing. 

5.10 PACKING MEDIA (COVER LIQUIDS) 

The packing media used for fruits and vegetables are generally liquid and 
are added to: 

• fill all voids between solid pieces of product, 

• equilibrate the moisture/solids ratio in the final product; 

• facilitate the dispersion of the heat throughout the container during the 
thermal treatment; 

• facilitate the uniform incorporation of various permitted additives; 

• protect the product against shock injury during transportation and 
handling. 

5.10.1 Composition and Preparation 

5.10.1.1 For Vegetables 

The basic packing medium used for most, if not all, vegetables is a dilute 
(1-2%) aqueous salt solution to which spices, condiments, and other 
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additives to lower the pH or affect various organoleptic characteristics such 
as texture or color may be added. These are made up according to a 
specific formula in volume and maintained at a required fill temperature. 

5.10.1.2 For Fruits 

Water, sugar syrups, and juices are used as packing media for fruits. The 
sugars and other sweeteners, as well as their concentrations, that can be used 
in the packing syrups are regulated in most countries around the world. 

The determination of the concentration of sugars in the syrup should 
take into consideration the quantity and nature of the sugars that will be 
contributed by the fruit and the proportion of fruit to syrup in the container 
(Oriol, 1986). Of course, any pertinent regulations must also be considered. 
As both the syrup and the fruit are generally consumed, it must have 
pleasing organoleptic properties. The viscosity is an important factor in the 
thermal processing as well as organoleptically. It is dictated by the type and 
concentration of the sugars and other soluble solids. The syrup can also be 
the carrier and supplier of substances to improve or alter the color, flavor, 
and/or texture of the product. The packing medium also plays a role in 
maintenance of the physicochemical and organoleptic properties during 
storage of the final product. To respond to these requirements, sugars other 
than sucrose are generally used to form the syrups. 

In common practice, the term sugar is considered to mean sucrose 
(Pelgroms and Gersons, 1978), which is a disaccharide that yields the 
monosaccharides, glucose, and fructose upon hydrolysis. In fact, sucrose is 
one member of a whole family of compounds that has similar chemical 
structures called sugars with variable sweetness. 

Glucose syrups, which are products of starch hydrolysis, have advantages 
over syrups made from sucrose only. They are classified according to their 
dextrose equivalent (DE) or to the quantity of dextrose that is a measure of 
the degree of the conversion of the starch to reducing sugars. There are 
advantages in using a combination of sucrose and glucose syrups over using 
sucrose alone. The rheological properties can be maintained without 
excessive sweetness, especially in fruits that have low acid levels. The 
physicochemical and organoleptic qualities can be better maintained in 
glucose syrups than they can in sucrose as they cannot be hydrolyzed further 
even in the presence very acidic fruits. They have a favorable effect on the 
osmotic equilibrium between the different constituents of the canned 
product. They prevent the flow of aromatic compounds from the fruit to the 
syrup. They moderate the acid taste better than does sucrose at a given 
sweetness level. 
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5.10.1.3 Syrup Composition and Drained Weight 

There is a decrease in drained weight immediately after thermal processing. 
This tends to reverse during storage, eventually attaining an equilibrium. 
The final drained weight can be less than, equal to, or greater than the 
initial filled weight depending upon the species and the firmness or the 
maturity of the fruit (Ross). Ducrot (1989) attributes the changes to the 
differences in the osmotic pressure between the fruit and the syrup. 
Immediately after thermal processing the fruit contracts as water migrates 
to the fruit surface at a considerably greater rate than the penetration of the 
syrup sugars into the fruit, resulting in a net weight loss. The cellular 
membranes are more permeable to water than they are to the solutes in the 
syrup. During storage, the slower uptake of the sugars causes a progressive 
increase in the drained weight to the point at which there is a concentration 
equilibrium. The cessation of the water movement to the fruit surface and 
the reversal of the direction of its diffusion is attributed to the fixation of the 
sugars by the fruit cell walls. This localized increase in the concentration of 
the sugars controls the penetration of the water to the interior of the tissues 
and favors cellular hydration, which in turn increases the cellular volume and 
the drained weight. The time required to attain the equilibrium of all the 
constituents between the fruit and the syrup is determined by the 
concentration gradient, the mobility of the molecules in movement, and the 
resistance offered by the fruit tissues. 

A strong sucrose concentration in the syrup creates a higher gradient 
between the syrup and the fruit, and favors the diffusion of fluids from the 
fruit to the syrup. During storage, the dry extractable matter diffuses from 
the syrup into the tissues, which results in an increase in the drained weight 
up to the establishment of the final equilibrium; therefore, the yield, which 
is expressed in terms of drained weight, is dependent upon the packing 
medium composition, the particle size, and the shape of the fruit. 

5.10.2 Addition of Packing Medium 

This operation is normally carried out in a single pass following the addition 
of the product to the container. However, for certain bulky products, some 
medium is added to the container before the product. Usually the packing 
medium is added hot so as to increase the closing temperature of the 
contents of the containers. 

Manual addition, which employs pitchers, suitably sized ladles, or a hose 
from an overhead reservoir, is still used in some small canneries and for 
certain special products that have a small production even though labor 
intensive. Wherever possible, the addition is mechanical. 

There are many devices for adding the liquid packing medium that are 
consistent with the filler and container closure rates used in modern 
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canneries. Care is taken to minimize loss of the packing medium as this can 
be costly, especially in the case of the syrups and juices. Provision must also 
be made to expedite the removal of any entrapped air in the container prior 
to closing, as it can affect the postclosure head space vacuum as discussed 
earlier. 

One method for removing entrapped air is to subject the filled, unsealed 
containers to a preheat treatment by hot water or steam. This procedure is 
different from the hot fill technique, which consists of heating the products 
before filling or simply heating the packing medium. During the preheating, 
the product expands and the bubbles of gas occluded in the tissues are 
driven off, as is air that may be entrapped in the container. The duration 
of the treatment and the final temperature attained are factors contributing 
to the amount of vacuum that results in the containers after closure. The 
main disadvantage of this system is that the equipment size must be 
increased in accordance with the volume of product to be processed and, 
correspondingly, with the consumption of energy in the form of steam. On 
the other hand, the increase in the initial temperature at the center of the 
product in the container before going into the retort can permit a decrease 
in the sterilization or pasteurization time. 

For products that have a tendency to float due to entrapped air, the 
packing medium is added while the filled container is under vacuum. This 
enhances the penetration of the packing medium into all the spaces in the 
container and the product. This method is used more frequently in fruit 
canning. 

5.11 HEAD SPACE VACUUM 

The various technical aspects of the different types of closures and the 
closure or seaming operations will be discussed in greater detail in Chapters 
9 and 10. There is one factor that is common to almost all types of 
containers: a reduced internal pressure after closure, commonly referred to 
as the head space vacuum. This is attained by reducing the amount of air 
contained in the head space just prior to closure. The prime objective is to 
reduce the internal pressures that will be developed during thermal 
processing, especially at temperatures greater than 100°C, which could 
compromise the container integrity. In the case of glass containers, the 
internal vacuum is an integral factor in the seal as it ensures that the cap is 
held securely to the glass rim. In addition, the reduced quantity of air 
means less oxygen and less chance for oxidation of the contents and of the 
exposed internal surfaces of a metal closure. 

Various methods are used to exhaust air and other gases from the head 
space just prior to closure. The temperature of the contents can be raised 
to a point at which the vapor emanating from the surface of the product and 
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the packing medium displaces the air. The higher the temperature, the 
greater the amount of vapor produced and air displaced, and the higher the 
subsequent head space vacuum will be. The preheating of the product and 
packing medium is usually carried out just prior to the filling operation and 
can be supplemented by further preheat treatment, as described earlier. 

Steam can be injected into the head space just prior to closure, which 
displaces the head space gases (i.e., air) and is used in combination with 
preheating. This generally produces higher head space vacuums than does 
preheating alone. The depth of the head space also has a significant effect 
on the degree of vacuum that can be attained when either of the two 
methods is used. Vibrating the containers can accelerate the release of the 
gases. 

For some products (i.e., vacuum-packed corn) and container types (i.e., 
flexible) the head space vacuum is obtained mechanically at the time of 
closure. For cans, in the first pass through the seamer, the end is clinched 
onto the filled can. In a second pass, the cans go through an airlock into a 
vacuum chamber, they are seamed, and they exit via an airlock. The internal 
can vacuums that can be attained vary according to the applied vacuum in 
the chamber, the final desired vacuum, and the temperature of the cover 
liquid at the time the seaming is completed. In this method the product is 
exposed to the aspiration action of the vacuum for a very short time before 
the completion of the seaming. The air is withdrawn primarily from the 
head space and only partially from the product itself. In order to attain 
efficient and reproducible results, the head space must be precisely 
regulated. Care should be taken to avoid flashing, especially in fruits in 
syrup. This can occur when the air that remains in solution and/or occluded 
in the product or packing medium is suddenly released under the effect of 
the vacuum and entrapping liquid as it exhausts from the container. If this 
occurs when the filled cans are not completely sealed, then there is the risk 
of loss of cover fluid. This problem can be eliminated by the use of de¬ 
aerated cover liquids or the addition of the cover liquids under vacuum. 

5.12 PRODUCT MOVEMENT AND TRANSFER 

In order to pass product from one machine or unit operation to another, it 
is necessary that it be transported or handled. For this, different equipment 
is used in accordance with the distance separating the two operations and 
their respective positions. In all cases, the equipment can be the origin of 
microbial contamination. Therefore, it is necessary to pay particular 
attention to the prevention of material buildup in blind areas as well as films 
that may permit the growth of bacteria. 

Another important product waste point concerns the placement of the 
pieces of equipment, one with respect to the other. For hygienic reasons, 
it is advisable to have different areas or rooms for the washing and the 
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cleaning, another for the sizing and the trimming operations, and a third for 
thermal treatments of blanching, filling, and retorting. If this is not possible, 
it will be necessary to ensure that the principle of continuous forward 
movement be followed to avoid cross-contamination. 

5.12.1 Horizontal Transfer 

If the machines are located on the same level, rubberized conveyor belts or 
vibrating troughs placed on a slight incline can be used. The rubberized 
belts have a drawback in that they can be more difficult to clean than 
stainless steel. For this reason, wherever possible, stainless steel belts are 
used. When the distances become fairly great or when the processing areas 
or rooms are not continuous, intermediate storage and transfer of the 
product, under water or not, in bins or tubs of 100 kg to 1 ton (metric) are 
used. 

5.12.2 Vertical Transfer 

To transfer product from one level to another, when the distance is slight, 
gooseneck elevators are used. These have buckets or troughs, frequently 
perforated, that turn back at the top of the apparatus, and after dumping the 
product. When the distances are greater, water is generally used as the 
transfer medium; or air currents are also used. Water, however, is generally 
preferred to air as the latter has the tendency to desiccate the product. 

CONCLUSION 

Only the principle stages in the preparation of fruits and vegetables have 
been dealt with in this chapter. For a more detailed coverage, the technical 
services of the various equipment manufacturers or technology centers 
should be consulted. Most of these operations are now automated, but 
trianed personnel are still required to control the quality of the product that 
the machines cannot do. 
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FRUIT AND VEGETABLE 

PREPARATION - 
PRACTICAL APPLICATIONS 


Specific examples to illustrate the preparatory operations presented in 
Chapter 5 and the manner in which they are adapted to suit a particular 
product will be discussed. Canned fruit and vegetables are subject to various 
regulations, particularly those respecting standards of identity, in most, if not 
all, countries involved in canning. The Codex Alimentarius Commission has 
formulated worldwide standards of identity for some, but not all, canned 
fruits and vegetables involved in international trade. Table 6.1 lists those 
products covered by the Codex standards. 

Readers should contact the Codex Alimentarius Contact Points in their 
particular country to obtain the standards for any fruit or vegetable products 
in which they are interested. As individual countries may have regulatory 
provisions that differ from those contained in the Codex Standards, the 
regulatory agency that has jurisdiction should be consulted for any particular 
product. 

6.1 SWEET CORN 

The two basic styles of product are whole kernel and cream style. Whole 
kernel style corn is usually packed from less mature ears than what is used 
for the creamed style. As the maturity of the com is a critical factor in the 
end-product quality, its determination is very important and various methods 
are used. The simplest method is the thumbnail test in which the kernels are 
punctured with the thumbnail and the juice expressed is examined to see if 
it has reached the milk stage or the cream stage . As maturity advances the 
juice changes from the former to the latter. This is commonly used in the 
field and where more sophisticated instruments may not be available. It is 
subjective and requires considerable training and experience to determine 
the juice stage. A more sophisticated test measures the juiciness or the 
amount of juice that can be squeezed from measured amount of kernels 
under controlled conditions. Young corn is juicier compared with the more 
mature and chewy com. A number of instruments are available for 
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determining the proper maturity for the best quality of product. 

Com is well suited for mechanical harvesting in a single pass. Therefore, 
it is important that all have ears, as nearly as possible, at the same stage of 
maturity. To avoid overloading the processing facilities and extending the 
season, interval planting is used to permit harvesting plots in succession as 
they reach their maturation point. When harvested, the ear is broken from 
the stalk with the husk intact, which protects the kernels from injury and 
exposure to dirt during collection and transportation to the cannery. 
Spoilage is retarded when the husks remain intact during storage. Once the 
ear is broken away from the stalk, processing should not be delayed as the 
sugars are rapidly converted into starch. Holding the ears on the wagon or 
truck or leaving them in piles will soon cause heating or sweating, which 
encourages bacterial activity and subsequent souring. 

The butts and husks are removed from the ears mechanically at high 
speeds. While rougher than manual husking, little injury to the corn results, 
and a fairly clean product is attained. The spinning of the ear throws the 


Table 6.1. Codex Worldwide Standards for Canned Fruit and Vegetables 


Subject 


Reference Number 


Tomatoes, canned 

Peaches, canned 

Grapefruit, canned 

Green beans and wax beans, canned 

Applesauce, canned 

Sweet corn, canned 

Fungi and fungus products, edible 

(General Standard) 

Fungi, dried, edible 

Fungus Chanterelle , fresh 

Pineapple, canned 

Mushrooms, canned 

Asparagus, canned 

Tomato concentrate, processed 

Green peas, canned 

Plums, canned 

Raspberries, canned 

Pears, canned 

Strawberries, canned 

Table olives 

Raisins 

Mandarin oranges, canned 

Fruit cocktail, canned 

Jams (fruit preserves and jellies) 

Citrus marmalade 

Peas, mature processed, canned 

Tropical fruit salad, canned 

Pickled cucumbers 

Carrots, canned 

Apricots, canned 

Apricots, dried 

Pistachio nuts, unshelled 


CODEX ST AN.13-1981 
CODEX STAN.14-1981 
CODEX STAN.15-1981 
CODEX STAN.16-1981 
CODEX STAN.17-1981 
CODEX STAN.18-1981 
CODEX STAN.38-1981 

CODEX STAN.39-1981 
CODEX STAN .40-1981 
CODEX STAN.42-1981 
CODEX STAN.55-1981 
CODEX STAN.56-1981 
CODEX STAN.57-1981 
CODEX STAN.58-1981 
CODEX STAN.59-1981 
CODEX STAN.60-1981 
CODEX STAN.61-1981 
CODEX STAN .62-1981 
CODEX STAN.66-1981 
CODEX STAN.67-1981 
CODEX STAN .68-1981 
CODEX STAN.78-1981 
CODEX STAN.79-1981 
CODEX STAN.80-1981 
CODEX STAN.81-1981 
CODEX STAN .99-1981 
CODEX STAN.115-1981 
CODEX STAN.l 16-1981 
CODEX STAN.129-1981 
CODEX STAN.130-1981 
CODEX STAN.131-1981 
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silk out so that most of it is stripped from the ear with the husk. The 
remaining silk is removed by a machine that rolls the ears rapidly between 
a pair of rollers while brushing them with fiber brushes as the ear advances. 
Water sprays are used to wash away the silk and clean the ears. 
Alternatively, the corn is placed in a drum that revolves at about 18-20 rpm 
and is subjected to sprays of water to remove the silk, bits of husk, debris of 
ear worm, and so on. 

The ears are inspected after the silking and washing to remove 
imperfectly formed ears that are unsuitable for canning. Corn that is too 
advanced for the prime grade is retained in boxes or baskets to be taken to 
a particular cutter or held until a sufficient quantity is accumulated for 
processing. All parts touched by the com ear worm or corn borer should be 
removed. 

The cutting procedure for whole grain corn differs from that for 
creamed-style corn in that a single cut, adjusted to the depth of the kernel, 
is made. The cut should be deep enough to take most of the kernel but not 
cut into the cob. The knives must be kept sharp; otherwise, the kernels, 
singly or in groups, will be pulled out. They greatly detract from the 
appearance of the product. In the case of creamed-style corn the knives cut 
and scrape the ears in a continuous operation. The depth of the cut is 
regulated to avoid inclusion of the chaff. The scraping gives pulp, which 
produces the desired creamy consistency when mixed with the grain. 

The washing of the cut whole grain corn to minimize microbial 
contamination and the risk of end product spoilage is critical. Flotation 
washing followed by a spray wash with clean 82-93°C (180-200°F) water 
raises the corn temperature and removes extraneous material. The removal 
of a considerable portion of the fines yields a product that has a clearer 
liquid and is capable of a more uniform heat penetration. The washed corn 
should be well drained before filling. The cut cream-style corn is cleaned by 
a series of vibrating and revolving screens to remove silk, pieces of cob, and 
so on. 

To remove entrapped air and other gases, the cut whole grain kernels 
are either blanched or the filled cans are exhausted before closure. Fillers 
like those for peas are used. For products other than the vacuum-packed 
whole kernel corn and the cream style, the packing medium is boiling hot 
water or a weak (2%) salt solution at or near the boiling point to which 
sugar may be added. Electrolytic tinplate cans with enameled bodies and 
ends are generally used. 

For vacuum-packed whole kernel corn, which is a popular product, the 
kernels are enclosed in the container with only a small amount of liquid 
under a fairly high vacuum. This requires special cans that are rigid enough 
to hold the high vacuum without distortion. A brine that has a higher ratio 
of salt and sugar than for the regular brine pack is generally used. The 
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amount of brine added is increased as the maturity of the corn increases. 
Young, immature corn absorbs little brine, whereas more mature com will 
absorb as much as 30-60 ml (1-2 ounces). Sufficient brine should be added 
so that there will be at least 30 ml (1 oz) of free liquid after processing. The 
cans should be filled to the brim with corn, as there is considerable decrease 
in volume or shrink during thermal processing. 

For the cream-style corn, a mix is made by heating the cleaned corn with 
the proper amounts of water, salt, sugar, and, usually, com starch with low 
thermophile counts. The desired canned product will have a creamy texture 
and a consistency that will just permit the corn to flow from the can. Young 
corn, which tends to curdle and not give a creamy texture when heated, may 
require the addition of a small amount of corn starch to the mix to attain 
the desired creamy texture. The fine tuning of the batch formulation to get 
just the right thickness with different lots of corn requires considerable 
experience. The mix is stirred while being heated with live steam until it is 
partially set . It is then pumped to a holding tank or precooker where it is 
kept hot and stirred. This partially gelatinizes the starch and minimizes 
separation in the can during sterilization. For uniform consistency in the 
end product, it is very important that the product thickness be controlled 
and kept constant at the filler. As the prepared mix has a tendency to 
thicken as time progresses during the filling of a batch, hot water or brine 
may have to be added to adjust the thickness. 

6.2 PEAS 

There are two basic types of peas, the small smooth round peas known as 
'’Alaska” or "early June," and the larger dimpled slightly oval peas known as 
"sweets." The Alaska have a very short harvesting season and mature earlier 
than do the sweets. The canning procedures are identical for the two types. 

Formerly, the pea vines were mechanically mowed and taken to vining 
stations where the peas were removed from the pods before transportation 
to the cannery. Combines are now being used that mow and then thresh the 
peas from the pods by rapidly moving arms. The threshed peas are collected 
in bins on trucks and the vines are dropped in the field where they will be 
ploughed in as green manure, which avoides the waste disposal problem of 
vine stacks at the vining stations. 

To assure a tender quality and adequate yield, the peas should be 
harvested at optimum canning maturity or tenderness, which is usually 
determined by a tenderometer. The pea tenderometer is an instrument that 
measures the shearing force required to push a series of interlocking plates 
through a measured quantity of peas at a predetermined rate. The lower the 
force required, the tenderer are the peas. Peas mature rapidly, especially in 
warm weather. The scheduling is critical so that they can be harvested and 
canned at peak maturity (tenderness). As freshly harvested peas can develop 
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off-flavors if held for more than a few hours, they should be processed as 
soon as possible. 

At the cannery, the peas are cleaned by aspiration to remove the light 
extraneous material. A second cleaning by a series of shaker screens and 
riffle pans removes the remaining pods, stones, and other materials larger 
than the peas. This is followed by a series of washings in clean cold water 
and, in some cases, a foam flotation washer to remove thistle buds. The 
cleaned peas can then be sized in a manner described in Chapter 5. 
Following the cleaning and sizing, the peas are inspected to remove any 
remaining extraneous matter and defective peas. 

Peas are blanched to inactivate enzymes, remove occluded gases, and to 
effect shrinkage. Hot water blanching may also remove some off-flavors. 
Rotary drum blanchers in which the peas travel through a perforated drum 
revolving in a bath of hot water are most common. Another procedure is 
to blanch by fluming through a pipe of hot flowing water. The blanching 
varies from 82°C (180°F) for 5 minutes to 99°C (210°F) for 2 minutes 
depending upon the size and maturity of the peas. The use of hard water 
in the blanching as well as in the brine packing medium should be avoided 
as it can toughen the skins (Chapter 5). Blanchers should be thoroughly 
cleaned at frequent intervals to avoid the buildup of thermophilic bacteria, 
which could lead to spoiled product after canning. Steam blanching, which 
is effective in retaining nutrients, is being used more frequently. The peas 
should be cooled immediately after blanching. 

To obtain a greater uniformity with respect to maturity, the peas are 
generally given a flotation separation in brine that has about 10% salt. 
Tender peas (i.e., less mature, more sugar, less starch) have a lower density 
and tend to float, whereas the less tender peas (i.e., more mature, less sugar, 
more starch) are denser and tend to sink. The floaters are canned as 
premium quality, the sinkers as a lesser grade. The peas are again washed 
following the brine separation and are ready to be filled into the containers. 

To maintain the required headspace during processing, the maturity of 
the peas must be considered. Young peas tend to shrink during the thermal 
process; the more mature peas take up water and swell. A brine packing 
medium, which may contain sugar and other additives, is added at or near 
its boiling point. In some cases, salt and sugar tablets are added to the 
empty can before filling, and then the packing medium is boiling water. 
Regardless of the system used, the resultant packing medium should contain 
about 2% salt and 4% sugar. The more mature the pea, the more sugar that 
is generally added. Sugar certified free of thermophilic bacteria should be 
used. 

6.3 SPINACH 

Spinach is a good example of the leafy greens that present specific canning 
problems. It should be grown under relatively cool conditions, in the spring 
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and fall, to obtain optimal texture and flavor for canning. 

The leaves are cut from the plants and transported to the cannery in 
crates. Rapid handling is essential and care must be taken to avoid 
overheating by excessive piling of the product during interim storage. The 
product is manually sorted, trimmed, and thoroughly washed. Spinach is 
grown in a sandy-type soil. It is prone to contamination with fine sand, 
which can be difficult to remove. It is generally washed by passage through 
a revolving reel immersed in water with additional sprays, or is conveyed 
through a tank on a mesh (draper) belt. The surface area and close packing 
of the leaves makes soil removal difficult. The spinach is then blanched in 
hot water revolving drum or draper belt blanchers for a few minutes at 
71-99°C (160-210°F), depending upon the maturity of the spinach. 

The blanched spinach is dewatered mechanically by pressing out the 
excess water or by merely allowing it to drain gravimetrically. While the 
initial filling can be mechanical, it is usually finished manually to ensure that 
the required quantity is added. This may require packing or compressing the 
leaves into the container to increase the weight-to-volume ratio and 
compensate for the shrinkage that takes place during thermal processing. 
A hot salt brine is added as the packing medium. 

6.4 CHERRIES 

6.4.1 Bigaroons (White Cherries) 

This variety is more popular for canning in Europe than it is in North 
America and England; however, it does present some interesting 
preparations, some of which are common to all cherry varieties. Varieties, 
such as the Napoleon, which has firm white or slightly colored flesh and is 
easily pitted, are preferred. The natural pigments (anthocyanins) of the 
more colored varieties can diffuse into the syrup and react with traces of tin 
from the tinplate, which forms colored complexes that give the syrup a 
greyish cast. Sulfur anhydride bleaching is not recommended for cherries 
destined to be canned. 

Mechanical harvesting, initially developed for product destined for jam 
manufacture, in which the trees are shaken by the application of vibrations 
to the trunk for short periods (2-3 seconds), is being increasingly used. The 
shock wave transmitted to the branches shakes the fruit free, falling onto 
tarpaulins placed appropriately around the tree. The tarpaulin is drawn 
together in a manner to contain the fallen fruit, which is then poured into 
a conveyor for passage to the transport container. Orchards must be 
specially adapted for mechanical harvesting to provide sufficient space 
between trees for the equipment and restriction of height to avoid excessive 
vibrations, which may damage the tree. The cherries must be harvested 
earlier (16-18 degree Brix juice) than is the case for manual harvesting 
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(20-22 degree Brix juice) in order to avoid injury and subsequent bursting. 
It is also preferable to have the fruit fall in a manner in which the stem 
remains attached to the branch and not the fruit. To facilitate the 
detachment of the cherry from the stem, the tree can be treated with 
ethylene-based products 8-12 days before harvest. The optimal harvest time 
can be evaluated by using a portable dynamometer that can measure the 
force required to separate the fruit from the stem. 

The harvested cherries should be chilled as soon as possible by 
immersion in cold water (water plus ice), to which an antioxidant (ascorbic 
acid) and calcium chloride has been added. The antioxidant helps retard 
browning at the sites of any wounds that result from the harvesting, and the 
calcium chloride limits the hazard of the bursting of the fruit resulting from 
the differences in osmotic pressure. It is strongly recommended that the 
cherries be processed within 8 hours following the harvesting and the holding 
period should not exceed 24 hours. 

The cherries are washed, sorted and sized (see Chapter 5), and then 
manually inspected to ensure that all stems and other extraneous matter are 
removed. Wormy or defective fruit frequently floats to the surface during 
washing and can be removed at this stage. 

The fruit is then artificially colored. In the technique recommended by 
the Appert Institute Laboratories (Anonymous, 1966), the bigaroons are 
immersed in a citric acid solution (3-5 g/L), with the more colored fruit 
requiring the higher concentration. The proportion of fruit to treatment 
solution is on the order of 80 kg to 100 L of solution. The fruit-solution 
mixture is heated to 90-95°C and held at the final temperature for about 3 
minutes. The cherries are then withdrawn from the solution, drained, and 
placed into a cold 0.3 g/L erythrosine solution at the same fruit-to-solution 
ratio and then heated to and held at 90-95°C for 5 minutes. The heating 
is then stopped and the fruit is kept in the solution until it has attained the 
desired color. At this point the color must be fixed (stabilized) by placing 

the fruit into a 5 g/L solution of citric acid at 80-85°C, and held for 5 
minutes, at which point the heating is stopped and the fruit is allowed to 
steep. It is often necessary to proceed to a second fixing treatment by 
immersion in a 2 g/L citric acid solution. The objective of the citric acid is 
to rinse away any excess dye that resides in the fruit and to avoid subsequent 
diffusion into the cover syrup. The pH of the dyeing baths must be carefully 
controlled, as trace metals can adversely affect the final color. Another and 
simpler method involves the direct addition of erythrosine to the cover syrup. 
However, reactions of the dye with traces of tin and iron and produce a 
greenish tint to the syrup. For this reason it is essential that the cans used 
be well enameled on the interior. 
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6.4.2 Sour Cherries 

Sour cherries should be chilled as soon as possible after harvest in water at 
1°C (34°F) to reduce the loss of dry matter and firm the texture. At 
maturity, the flesh of sour cherries is less firm than that of the bigaroons. 
Studies with the view to improving their canning behavior have been carried 
out (Labelle, 1971). The firmness of the fruit can be improved over that 
obtained in the classical cold fill, hot cover syrup procedure by preheating 
the cherries to around 50°C as soon as possible after pitting along with the 
addition of calcium ions up to 0.04% based on the finished product weight. 
Bedford et al. (1955) showed that the drained weight is not affected by the 
amount of fruit dry matter or by the duration and temperature of storage 
before pitting. The principal causes of the variation in the drained weight 
are linked to the area of cultivation and the prevailing climatic conditions. 

Montmorency and Early Richmond, which are the usual varieties, are 
harvested without stems, delivered to the cannery in lug boxes, and almost 
immediately washed by immersion in large tanks of cold running water, 
which also tends to firm the flesh. Slight agitation brings wormy fruit to the 
surface for removal. The cherries are then passed over a picking belt for 
inspection and removal of any defectives. 

The cherries are pitted mechanically by machines that have a drum with 
cavities into which the cherries fall. They then pass over needle punches, 
which push out and eject the pit. This is a critical operation and its 
efficiency should be checked periodically so as not to exceed any government 
regulations. For example, the United States Food and Drug Administration 
(USFDA) compositional standards permit not more than one pit for each 
20 oz (567 g) of pitted cherries. Who among us has not experienced the 
pain of biting down on a cherry pit while eating cherry pie? 

The pitted cherries are washed, drained, and filled into the containers. 
A sugar syrup is deaerated by boiling and added as hot as possible to drive 
the air out of the fruit and raise the center temperature. A thermal exhaust 
in a hot water bath may also be necessary to raise the center temperature to 
71-74°C (160-165°F) before closure. As these cherries are highly corrosive 
and the bright red color is sensitive to reaction with the container metal, it 
is essential that the can interior be well enameled, including an inside seam 
stripe. 

6.5 PEACHES 

Both the freestone and clingstone varieties are canned, although the latter 
is by far more popular due to its firmer texture. They are packed in a 
variety of styles (e.g., whole, pitted halves, quarters, slices, dices, and pieces 
in water, juices, or sugar syrup). The softer freestone variety is usually 
destined for the fresh market, although it is canned in some countries (e.g., 
Spain). 
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6.5.1 Clingstone Peaches 

The firmer clingstone variety can be harvested at a more advanced maturity 
than can the freestone, which produces a more flavorful and homogeneous 
canned product. The maturity at harvest depends on whether the fruit will 
be processed immediately or will be stored prior to processing. When 
storage is required to rationalize the production facilities, the fruit should be 
picked 4-6 days from canning maturity and stored at 0-2°C (32-36°F). 
Before processing, they should be allowed to ripen at ambient temperature 
for 1-3 days. To attain a uniform postrefrigeration maturation, all the 
peaches should be uniformly exposed to the warmer air, and any localized 
insulated zones in which the lower temperatures persist should be avoided. 
Fruit requiring more than 3 days to ripen following refrigerated storage can 
be difficult to peel due to the breakdown of the skin. It is preferable to 
deliver fruit to the cannery with the desired maturity in quantities that can 
be immediately processed. The protopectins in the clingstone varieties, 
which provide the firm texture, are stable during maturation and processing, 
unlike those in the freestone (Souty, 1969). The peaches are graded for size 
and maturity at the cannery. 

While some peaches are canned unpitted and whole, the majority are cut 
in half and pitted in the same machine before peeling. The clingstone halves 

are placed cut side down on a belt, scalded by steam, and then bathed in 
102-104°C (214-220°F), 5 to 11% caustic solution for 45-60 seconds 
(Lopez, 1987). They are then thoroughly sprayed with cold water to remove 
the peel and the lye residue. The addition of surfactants to the caustic 
solution reduces the surface tension at the pubescent peach surface, 
improves the contact of the lye with the skin, and increases the yield and 
final appearance of the product. 

6.5.2 Freestone Peaches 

While the softer texture of the mature freestone variety presents canning 
problems, technological progress has made possible the production of a 
quality product. Improved pitting equipment has mechanized what was 
exclusively a manual operation for this type of peach. The canned product 
is distinctly different. For canning, freestone peaches are generally picked 
immature so that they are capable of resisting injury during the picking and 
transportation. However, to realize their optimal organoleptic characteristics 
in the canned product, a subsequent period of maturation may be necessary 
prior to processing (Chung, 1971). Storage prior to completion of ripening 
extends the processing season, which is shorter than that for the clingstone. 

As the freestone is less firm, peeling is a more delicate operation. The 
method used depends upon the stage of maturity (Lopez, 1987). In steam 
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peeling, which is the preferred method for the more mature fruit, the pitted 
halves are passed, cut face down through a scalder, and then cooled under 
jets of cold water that also remove the skin without damaging the halves. 
The scald time varies from 30 seconds to 2 minutes, depending upon the 
fruit maturity. A longer scald time tends to reduce the browning, which 
follows the peeling. The same or similar equipment used for tomatoes can 
be used. Hot water scalding baths and manual peeling are also used by 
some small canneries or where labor costs are low. The firmer immature 
fruit can be lye peeled by a method similar to that used for the clingstone. 
The conditions must be adjusted to conform to the fruit maturity. 

6.6 PEARS 

The William or Bartlett pear remains the variety preferred for canning. This 
variety is preferred because it has a more regular shape and dimension, a 
clear and brilliant color, a fine flesh texture, and excellent flavor. It is the 
only variety that exhibits all the characteristics sought by the canner. 

To minimize harvesting and transport damage, the pears are picked 
immature and stored at 10°C (50°F). Prior to processing, they are ripened 
at 20°C and 85-90% relative humidity. As they continue to ripen, albeit 
slowly, under refrigeration, the storage time must be taken into consideration 
when deriving the ripening time at ambient temperatures before processing. 
During maturation the soluble dry matter and acidity gradually increase and 
the firmness decreases. The most notable differences in fruit processed at 
different stages of maturity following 3 months storage were variations in the 
flavor and aroma, whereas there was little difference observed with respect 
to the texture (Leonard, 1954). The flavor components of the pear can vary 
considerably in accordance with their origin and pretreatments (Claypool, 
1958). However, the maturation temperature and the firmness of the flesh 
when canned have been established as more important factors for the flavor 
of canned William pears than the growing area. 

Prior to peeling, the pears are mechanically sorted by size, as discussed 
in Chapter 5. This is necessary to allow for the efficient use of the 
mechanical peeling and coring machines. The peeling and coring is carried 
out mechanically by machines that are a monopoly of Atlas Pacific 
Engineering Company of the United States and that cut the pears in half. 

Pears start to turn brown very soon after they are peeled if exposed to 
the air. Thus, they should be kept immersed in water until they are canned. 
When there is an extended delay prior to canning, they should be immersed 
in a weak saline solution (1.5 oz/gallon, 11 g/L). 

The peeled, cored pear halves are sorted into three or four different 
sizes manually. The filling is also carried out manually in order effectively 
to fill the container space and achieve the required fill weight. Off-color and 
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otherwise defective pieces are rejected at this stage. This requires 
considerable skill and experience. 

After the addition of the hot, 70-80°C (160-180°F) packing medium, 
the filled cans should be exhausted, preferably in a steam exhaust box, until 
the can center temperature reaches 70-77°C (160-170°F). 

6.7 SMALL RED FRUITS 

Color and processing behavior are the primary problems in the canning of 
small red fruits like cassis, whortleberry, currants, strawberries, raspberries, 
and so on. Varieties rich in pelargonidol give the best postprocess color. 
Most of these fruits are quite fragile and should be handled gently, especially 
during the sorting and washing operations. They should be chilled as soon 
as possible after harvest and kept chilled until packed into the container. As 
the filling operation can cause damage to the fragile fruit, some canners 
freeze the fruit prior to filling. 

The anthocyanin pigments in red fruits are very unstable at elevated 
temperatures, decomposing readily to form products that have a less 
attractive color. They are also partially decolorized in the presence of tin 
and should be canned in well-enameled cans. Adams and Ongley (1973) 
studied the different treatment conditions (preheating, sterilization, storage) 
employed in the canning of strawberries on the retention of the anthocyanin 
pigment. The results showed that the preheating and sterilization techniques 
currently practiced in the canning industry exerts only a slight effect on the 
degradation of this pigment. 

In some cases the fruit type dictates the sugar levels to be used in the 
packing syrups. For example, syrups with an elevated sugar concentration 
(55° Brix) are preferred for strawberries, whereas a 40-50° Brix syrup is 
preferred for raspberries. Increased sugar concentrations leads to decreases 
in the drained weight of the strawberries and an increase in the number of 
disintegrated fruit in the case of raspberries. The addition of pectin, which 
is not permitted in some countries (e.g., Canada), increases the drained 
weight of raspberries, and improves the texture and processing behavior, 
particularly when agitated pasteurization is used. However, a product having 
a less favorable color and flavor can result. 

The preheating and pasteurization methods also have a significant effect 
of the product (Board and Gallop, 1966). Increased drained weight can be 
obtained by adding the hot syrup under vacuum, followed by closure under 
vacuum compared with that attained by adding the hot syrup under 
atmospheric pressure followed by a preheat and atmospheric closure. In the 
case of strawberries, the maintenance of the texture, shape, and integrity of 
the fruit was significantly improved, whereas these effects are less favorable 
in the case of raspberries. In addition, agitated pasteurization gave the best 
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yields, without requiring very elevated rotation rates (e.g., appreciable effects 
with a rotation of 5 rpm). 

Under the circumstances, it is best to employ the treatment conditions 
best suited to each one of the species grouped under the general heading of 
small red fruits in order to best preserve the intrinsic qualities in the final 
products. As the major degradation occurs during storage of the canned 
products, it is recommended that they be stored chilled (5°C). 

6.8 TOMATO PRODUCTS 

Color, sugar levels, and acidity are some on the intrinsic qualities that have 
made the tomato and its products appreciated as an accompaniment to 
meats, vegetables, or pasta in the form of purees, concentrates, and whole 
or ground fruit. It has contributed to the tremendous growth of the tomato 
processing industry. This growth has led to the development of varieties and 
cultivation methods suited to industrial production requirements. The 
demand for quality products has led the tomato-processing industry to adopt 
new technologies, such as aseptic packaging, reverse osmosis concentration, 
and so on. 

The physiology of the tomato has been extensively studied (Rey and 
Costes, 1965), giving rise to improvement programs that have extended the 
harvesting periods and the supply to the processors. The extensive natural 
variability of the tomato has always interested the geneticists; hence, its 
chromosome map is one of the best defined amongst the flowering plants 
(Rick, 1978). This has been an important factor in the great progress in the 
tomato industry over the past 25 years (Damidaux, 1986). The plants 
formerly exhibited indeterminate growth that resulted in an extended 
maturation period as well as flat ribbed or spherical soft fruit prone to 
bursting. Prime improvements (e.g., more determinate growth, uniform 
maturity, and firmer fruit less prone to bursting, such as the elongated 
varieties of the Heinz or Roma type) have been brought to the industry by 
varieties developed in America. Further developments have produced even 
firmer and better colored varieties, which can be picked without the calyx, 
that are resistant to Verticillium and Fusrium and have elevated dry matter. 

Cultivation is traditionally carried out by transplanting. The young 
plants are grown under optimal conditions until they have attained a size 
and physiological state to permit transplanting (Anonymous, 1987). The 
planting, for a long time exclusively manual, is more and more being carried 
out mechanically. Direct seeding, developed in France in conjunction with 
mechanical harvesting, increases the time to maturity and extends the 
harvest. Excellent quality seeds capable of germinating at low temperatures 
(Damidaux, 1986) are required, coupled with precision seeding. The sowing 
and germination conditions of the seeds can be improved by the use of 
biodegradable plastic mulch or soil conditioners. 
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The tomatoes should be harvested to supply the processor with 
uniformly mature and well-colored fruit. However, the optimal maturity 
must be balanced against a stage that will ensure minimal harvesting and 
transportation damage. To minimize the cost of labor in manual harvesting 
or to permit mechanical harvesting, varieties that have a determinant growth 
with a minimum number of fertile stages are preferred. Thus, harvesting can 
be carried out in a single pass and produce fruit having approximately the 
same maturity. An important characteristic of these varieties is to have a 
good over ripe behavior so that the fruit to mature first remains firm and 
intact while waiting for the last fruits to mature. Growth regulators or 
defoliants can be used to regulate maturity (Anonymous, 1986). 

Mechanical harvesting was first used in the United States, principally in 
California. The organization of the cultivation in combination with the 
climatic conditions were particularly favorable in this region. The relatively 
high initial capital cost for mechanical harvesters can be a significant 
deterrent to their use. The growing sectors must have suitable climatic 
conditions, especially during the latter stages as the fruit approaches maturity 
(i.e., freedom from rain). The terrain also plays a role in that it must be 
relatively flat and the plots must be sufficiently large to make economical 
use of the harvesters. However, in some countries (e.g., France) the 
adoption of mechanical harvesting has become an economic necessity to 
counterbalance product from other countries that have lower production and 
harvesting costs. Work in France under the auspices of Societe nationale 
interprofessionnelle de la tomate (SONITO) and Centre technique de la 
conservation de produits agricoles (CTCPA) led to the development 
ofvarieties specially adapted for single-pass harvesting. SONITO also 
instigated the development, by a French manufacturer, of a harvesting 
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Figure 6.1. Tomato harvester (Bartholin, 1991). 
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machine adapted for the European climatic and soil conditions (Fig. 6.1). 
Just prior to the mechanical harvest the tomato plants and the area 
immediately around them must be prepared in a manner to facilitate the 
collection of the entire plant. The entire plant is either pulled from the 
ground or mowed by cutting disks or bars and shaken to release the fruit. 
To facilitate the separation of the fruit from the plant, varieties from which 
the peduncle is easily detached are preferred. 

The combines also sort the tomatoes in two stages. The first 
mechanically removes soil particles, stones, and so on, and the second 
manually culls immature or nonconforming fruit on an inspection belt. The 
tomatoes are then deposited into mobile containers drawn along with the 
harvesters. 

The manner in which tomatoes are transported, their sanitary state, and 
their maturity have a direct influence on the end product quality (Leonard, 
et al., 1977; Casolari and Ercolani, 1965). When shipped in plastic boxes 
that have a relatively small volume, the problems are essentially those of 
handling. Large-volume bulk transport requires additional precautions. 
From the shaking stage in the harvester to the depositing of the tomatoes 
into the transport receiving bins, the tomatoes undergo repeated shocks. 
This problem was extensively studied in the United States (Reeder, 1962), 
with the result that harvesters are now constructed to compensate for the 
shock and impact damage. 

Different methods have been proposed to limit the wounding and 
bursting due to the falling and the piling up of the fruit in the receiving 
container. One solution is to cushion the fruit by filling the receiving 
container with water. However, there is the risk of loss of soluble dry matter 
from the fruit. Replacing the water with a temporary foam that can be 
produced in the field avoids the cost of transporting water of acceptable 
quality to the field. In addition, the surfactant used to form the foam tends 
to reduce the microbial contamination on the tomato surface. The most 
reliable method consists of limiting the fall distance and the depth of the 
load in the container or bins. Grape-type bins are preferred to the 
containers mounted on trucks for the bulk transportation. 

Mechanically harvested fruit is particularly prone to contamination with 
particles of soil, which can carry thermoresistant microbial contaminants. 
Some fruit may be overripe and prone to splitting when exposed to the 
repeated mechanical and handling shocks. These conditions favor spoilage, 
which is exacerbated during storage prior to processing. Various solutions 
have been proposed to resolve this problem. One is to sort and wash the 
tomatoes as they are harvested in the field. Washing by jets of chlorinated 
water installed on the harvesting machine, or receiving the fruit from the 
harvester in baths that contain chlorinated water, reduces the microbial 
contamination. Another solution (Anonymous, 1986) is to locate a washing 
and sorting station in close proximity to the producing fields so that the soil 
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and debris removed can be easily and cheaply returned to the fields and not 
taken to pollute the processing plant. Removal of spoiled and damaged fruit 
at this time will further reduce contamination and the risk of spoilage and 
extend the acceptable storage time. 

Storing tomatoes in cold water in concrete basins that have a capacity 
of around 100 tons is one solution that has been proposed to overcome the 
temporary oversupply. The total capacity of the basins should not exceed 
that which can be processed in 12 hours. There are advantages in that the 
tomatoes immersed in the water are no longer in contact with the air, 
insects, and so on, and their temperature remains lower than that of the 
ambient summer air. However, there are the problems associated with 
supplying sufficient water that has the required quality and loss of soluble 
dry matter, which increases in proportion to the quantity of injured tomatoes 
(Bartholin, Souchon, and Vaillen, 1978). As mold will not grow in the 
water, any increase in the microbiological contamination under this type of 
storage will not be revealed in the Howard mold count, a test procedure 
routinely carried out on the concentrates. It should be noted that the 
increased microbial contamination may contain viable thermal-resistant 
bacteria. The water used for storage should be kept chilled and periodically 
replaced by fresh, treated water. Recycled water following appropriate 
treatment can effectively reduce water consumption (Bartholin, Oriol, and 
Le Panse, 1985). 

To overcome the problems related to this type of bulk storage and 
assure the provision of a buffer stock for the processing plant, the oversupply 
can be stored in the ground form. However, this is applicable only to 
product to be used to produce juice, concentrates, and so on. A system for 
storing an intermediate product in the form of crushed pulp was developed 
and installed in Italy. The pulp not processed immediately is chilled to 
about 7°C under vacuum and stored under agitation in insulated reservoirs 
that have a capacity corresponding to 12 hours production. A number of 
economies are realized by such an installation. As the system is automated, 
there is a reduction in labor. Some concentration results from the 
evaporation that occurs during the chilling under vacuum. The chilling unit 
serves a dual purpose as it is also used to cool the concentrates from the 
evaporator. A better quality is maintained because the raw material is semi- 
processed and preserved as soon as it arrives at the processing plant. 

6.9.1 Tomato Purees and Concentrates 

A major portion of the market for canned tomato products is formed by 
purees and concentrates that are subsequently used as adjunct in a wide 
variety of products. A flow diagram that shows the principal unit operations 
involved is given in Figure 6.2. The unit operations are very similar to those 
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Figure 6.2. Flow chart of a tomato concentrate line (Bartholin, 1991). 

used in the production of other purees and concentrates, such as apple 
sauce. 

As the harvested products, even in dry times, are covered with soil and 
dust, carriers of microbial contaminants, phytosanitary treatment residues, 
animal parasites, and vegetable contaminants of diverse origins, washing is 
an essential phase of the process. The tomatoes are generally prewashed by 
immersion in vats of cold water agitated by the infusion of compressed air, 
which removes much of the gross soil contamination. The prewash can 
sometimes be eliminated for manually harvested tomatoes as they are usually 
cleaner. The washing efficacy can be improved by using warm water. The 
tomatoes are transferred and drained by a paddle wheel system into a 
second bath where the washing is completed. Rotary washers as described 
in Chapter 5 are also used for firmer product. The fruit is given a final rinse 
by passage under pressurized water jets while being transferred to the 
inspection belt. To ensure cleaning efficiency and to avoid product 
recontamination, the washing process should be countercurrent so that clean 
water is in contact with the product at the end, and the dirty water is used 
to treat the dirty product at the first stages of the washing. This process 
uses large quantities of water, for example, 3 m^/ton (metric) has been cited. 
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Recycling can reduce this by two-thirds. The feed water should be 
chlorinated (6-8 ppm of residual chlorine) to inhibit microbial growth, 
particularly thermophilic microorganisms (Oriol, 1984). 

Following washing, the tomatoes are again inspected manually as they 
pass over rolls that rotate the fruit so that the complete surface can be 
observed and permit the inspection personnel to locate and remove the 
defectives. This operation is particularly important as even a low level of 
spoiled fruit is sufficient to give significant number of positive fields in the 
Howard mold count test and a reduction in the quality grade. Care should 
be taken not to overload the inspection. Sanitation of the washers and 
inspection roller conveyors is very important, as pieces of vegetation, spoiled 
fruit debris, and so on can be caught up in moving parts and become 
harborages of molds and other microflora that can recontaminate the 
product. 

The tomatoes are then crushed by a variety of prebreakers or rough 
grinders, and the seeds are removed. The fruit is compressed between two 
rolls so that juice flows away along with the seeds. The seeds are separated 
from the juice by passage through a rotary sieve. Liquid that adheres to the 
surface of the seeds is removed by centrifugation. The remaining solids are 
then ground. 

As color and consistency are the essential quality characteristics of the 
juice or subsequent concentrates, the pulp and juice are given a thermal 
t reatment in horizontal tubular continuous heat exchangers immediately after 
the grinding. The pulp was originally cooked to facilitate the separation of 
the skin in the colanders. The cells richest in the red color (i.e., lycopene) 
are in intimate contact with the skin. Their separation gives an improved 
color and a greater yield. The modern refining equipment presently in use 
produces greater extraction levels, and the preheat treatment may have less 
of an impact in this aspect. 

However, preheating affects the pectins and hence the physical and 
chemical characteristics of the juice. In addition to the pectins, the cells also 
contain the enzymes pectin-met hylesterase and polygalacturonase, which 
depolymerize polygalacturonic acid. The longer the activity of these enzymes 
is allowed to continue, the more fluid will be the juice or concentrate. To 
produce a juice or concentrate that has a more uniform consistency, the 
enzymes are inactivated by heating the pulp right after grinding to a 
temperature of at least 85°C for minimum of 15 seconds (Lopez, 1987). 
This process, called the hot break , was developed in the United States in 
response to the demands of the principal users of the concentrate in that 
country. Ketchup manufacturers demand a product that has a uniform 
consistency. During the past few years the hot break technique has generally 
been used, as it permits control of the viscosity of the product. While the 
consistency can also be regulated by adjustment of the pH, this requires the 
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addition of acids or alkalis that may or may not be permitted by the 
regulatory agencies that have jurisdiction. 

The next operation involves the removal of skin and seeds, if they have 
not been removed earlier, and the refining of the juice. This is 
accomplished in several steps, each progressively separating the different 
parts and attaining a final homogeneous juice product that contains the 
smallest pulp particles possible. The operation is carried out in a series of 
stationary cylindrical screens equipped with paddles or vanes capable of 
rotating at high speeds. The pulp is fed into the screens and propelled to 
and scraped against the screens and projected forward. Particles too large 
to pass through the screen orifices are carried forward and ejected. The first 
screen in the series have relatively large openings (i.e., 12/10 mm) and they 
remove the skin, seeds, stems, and other lignified parts of the fruit. One or 
two further refining stages follow. When a series of three screens is used, 
the final stage is called the superrefining, which essentially homogenizes the 
final juice by passage through very small orifices (i.e., as small as 4/10 mm). 
The screens can be cone shaped. The shape of the rotating vanes on the 
interior can also vary according to the machine model. These differences 
are an expression of the manufacturers* efforts to attain the best yield in the 
extraction of the juice. In one, a centrifugal phase is used for this purpose. 
The largest particles separated by the screening are recovered and pressed 
in order to extract even more juice. Under these conditions, the level of 
extraction of juice is greater than 95%. 

Concentrates require the removal of specified quantities of water. In the 
original process, the juice was boiled in open steam jacketed kettles until the 
desired concentration was achieved by atmospheric evaporation. However, 
the degree of concentration is limited because the product must remain 
sufficiently fluid in order to be handled. In addition, the high temperatures 
reached thermally degraded the carotenoid pigments and adversely affected 
the desired characteristic red color. Evaporation under vacuum reduces the 
boiling point and better preserves the organoleptic and physicochemical 
characteristics of the tomato. 

The single pan evaporator is the simplest and cheapest available. The 
pan is either cylindrical with rounded bottom or spherical. Heat is applied 
by a steam jacket or by internal steam coils. The tops are enclosed so that 
a vacuum can be applied and the water vapor drawn off. However, as the 
concentration proceeds, the boiling point, and hence the product 
temperature and viscosity, increases. As with the open vat method, 
considerable time is required to reach the desired concentration, during 
which the product is exposed to increasing temperatures. The water vapor 
produced is condensed and may be used for hot water in other operations. 
Foaming during the boiling, which can entrap juice and be drawn through 
to the condenser, should be avoided by the addition of antifoaming 
compounds approved by the regulatory agency that has jurisdiction. 
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Better energy economy can be realized with multiple-stage evaporators. 
In a single-stage evaporator, the steam latent heat is transferred from the 
tubes to the juice, and the concentration is produced by the removal of 
water vapor that emanates from the boiling juice, whose heat is lost via the 
condenser. The economy of the multiple stage lies in the reuse of the 
steam in a second stage. For this, the boiling point in the next stage needs 
to be lower than that of the first stage. This is accomplished under higher 
vacuum in a manner in which the vapor produced can still be condensed. 
The degree of concentration of an initial given quantity is theoretically 
directly proportional to the number of stages. In practice, material and 
economic constraints limit the number of stages. For tomatoes, the 
evaporators usually employed have two or three stages. 

Larger-volume evaporators currently involve three stages. Concurrent 
steam and product flow is preferred as the product temperature can be 
lowered as the concentration is increased. This approach tends to retain the 
desirable qualities of the original juice. However, this leads to very thick 
and pasty concentrates that do not circulate well in the tube systems and can 
cause plugging and fouling. For this reason the equipment normally used 
employs countercurrent flow in which the product is heated to above 60°C 
in the final phase to effect pasteurization. In some systems, the first stage 
product temperature is above 80°C, the second stage around 40°C and the 
third stage around 62°C. Other combinations are also used. 

From about 1984, reverse osmosis concentration installations have been 
installed in large production units in Italy, France, and the United States. 
Reverse osmosis and ultrafiltration are liquid-phase separation procedures 
employing selectively permeable membranes or ultrafine microfilters under 
the action of a pressure gradient. This process allows water and compounds 
of similar molecular size to pass through while retaining others. Thus, 
concentration is effected without application of heat, while retaining the 
original qualities of the tomato juice. The nature of tomato juice limits the 
concentration factor to 2. The resulting products are marketed as a puree 
with improved organoleptic and color properties compared with that 
produced by the conventional methods. However, in large production units, 
the interest in this process is for the preliminary concentration. With reverse 
osmosis, 50% of the water of the juice can be removed, which can double 
of the output of the conventional evaporators concentrating to 28-30° Brix. 
Reverse osmosis installations are costly, especially when they have to be 
amortized over a relatively short period of utilization annually. They are 
very demanding with respect to maintenance, conditions of use, and 
accelerated aging of the membranes. 

As the tomato concentrates are acid (i.e., pH below 4.6), microbial 
stability can generally be achieved by heating to 85°C. Tubular heat 
exchangers currently used for this purpose are limited to concentrates that 
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have certain maximum concentration and consistency. For thicker 
concentrates, scraped surface heat exchangers must be used. To avoid 
reheating and its adverse effect on the product quality, concentrates are 
packaged prior to cooling. The heat contained pasteurizes both the product 
and the container. This method should only be used for relatively large size 
containers (i.e., 307 x 410 or 18 oz cans and above). The time between 
leaving the concentrator or pasteurizer and being sealed into the container 
should be as short as possible. To avoid environmental contamination, 
closed system fillers should be used. Just prior to filling, the empty 
containers should be inverted and the interior submitted to steam jets in 
order to sterilize the internal surfaces. The fill temperature contributes to 
the formation of the head space vacuum after closure and cooling. As soon 
as possible after closure and before cooling, the containers are inverted to 
pasteurize the cover. Cooling is carried out under cold water sprays and is 
accelerated by rotating the containers. 

The surface-to-volume ratio of the small containers is too large to permit 
pasteurization in the preceding manner. Therefore, after filling and closing, 
it is necessary to immerse the containers in boiling water or steam in order 
to assure the attainment of pasteurization of the outer regions of the product 
whose temperature has fallen to below that required. It is the same for 
product packaged in tubes. Concentrates to be used as ingredients in other 
products can be packed in 180-220-kg drums. Polyethylene drums are the 
most commonly used. However, when hot filled, the container may deform 
and either interfere with the closure or adversely affect the integrity after 
closure. For this reason, some prefer metal drums. 

The ’’ASEPTON" system uses 55 U.S. gallon (208 L) steel drums with 
an internal layer of PVC. The empty drums are sterilized with live steam at 
100-110°C for 1-2 minutes so that the wall temperature rises to at least 
100°C. The concentrate is filled into the drum at a temperature between 90 
and 95°C, which leaves a head space of 2-6 cm so that adequate mixing and 
head space vacuum will be assured after closure and during cooling. After 
filling and closure, the drums are inverted to pasteurize the cover and the 
head space. The product is then cooled by rotating the drums horizontally 
at about 20 turns/minute under cold water sprays to 30-40°C, which takes 
about 60 minutes. To limit the nonenzymatic browning of the concentrate, 
cooling should be as rapid as possible. However, rapid cooling of such a 
large mass is difficult and the thermal inertia can cause quality loss. This 
can be overcome by flash pasteurization and cooling followed by the aseptic 
filling of the concentrate into sterile drums. Other forms of sterilizable bulk 
packaging can be used. 

In the 1970s, storage in aseptically filled tanks was developed in the 
United States (Nelson, Sullivan, and Heron, 1974) and marketed by the 
Franika Company. The aseptic packaging in flexible plastic pouches was 
developed in France and Europe. The oldest system developed by the U.S. 
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company "Scholle" is known by the name "bag in box.” It was initially 
invented for the packaging of battery electrolyte, and rapidly expanded to a 
number of pumpable products. It is used in the tomato industry to fill 
220/240-L capacity pouches. 

The essential element of the semiautomatic equipment is the filling 
head. A presterilized (by ionization) pouch is placed into the filling chamber 
and filling the cycle is started. The chamber is completely closed and 
internal aseptic conditions are achieved by the application of pressure and 
chlorine vapor. The machine opens the neck of the pouch, introduces the 
filler spout, fills the pouch with the predetermined volume, reseals the neck, 
and ejects the pouch from the chamber. It is then placed into a metal drum 
or a carton to permit handling. The usual installation has two filling heads 
so that another pouch can be placed in the chamber and prepared as the 
other is being filled. Under these conditions, a fill rate of 40 pouches/hour 
can be attained. Smaller pouches (5 to 20 L) can also be used. 

6.9.2 Canned Peeled Tomatoes 

Tomato varieties especially adapted for peeling have for a long time been 
characterized by the "San Marzano" type. They are grown on stakes, 
harvested manually, and produce small elongated fruit. Despite the 
development of other varieties to meet various growing conditions, the 
elongated shape continues to be preferred for canned peeled tomatoes. 
Uniform maturation, juicy pulp, slightly developed stylar axis, and a floral 
peduncle that does not remain attached to the fruit when it is picked are 
desired attributes. The annual reports of the CTCPA in France (Pie, 1989) 
describe the principal characteristics of the various varieties and classify their 
aptitude to processing in accordance with specific criteria. 

The tomatoes are washed, sorted, and inspected in the manner described 
earlier with special attention being given during the inspection to remove 
those having defects as well as those with the stems attached. 

Both the chemical and physical peeling methods described in Chapter 
5 are used. Lye peeling (Anonymous, 1969) has principally been employed 
in the United States. When peeled thermally, the tomatoes are first scalded 
in hot water or steam. The skin is separated mechanically or by the 
application of vacuum and finally removed by friction rollers whose 
configuration and nature differ according to the equipment manufacturer. 
The peeling is followed by a manual sort to remove broken, bruised, or 
spoiled fruit. 

The peeled tomatoes are filled into the containers mechanically. Fillers 
currently used involve a rotating plate with cavities around the 
circumference. The tomatoes are fed onto the rotating plate, moved to the 
periphery, and fall into the cavities. From there they go into the containers 
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placed underneath. The packing medium is added hot under vacuum. 
Degassing and the required product closure temperatures are achieved by 
preheating after clinching of the container covers. The container is closed 
as steam is injected into the head space. 

As some of the new varieties are less acid, citric acid is added to the 
packing medium to adjust the final equilibrium pH to 4.2-4.3 and avoid 
sterilization treatments close to those used for low-acid foods. Calcium salts 
are added to improve the firmness during and after thermal processing. The 
calcium reacts with the pectin compounds in the cell walls to form calcium 
pectate giving greater cellular rigidity, a more regular drained weight, and 
a decrease in the number of broken tomatoes. 

The natural microbial flora of the tomato have a low thermal resistance 
at a pH below 4.5. It has been shown that 90% reduction is achieved in a 
few minutes at 61-65°C (Leoni and Belluci, 1980; Casolari and Ercolani, 
1965). While spores can survive such treatment, they do not germinate and 
grow under the acid conditions usually present in canned tomatos. However, 
Bacillus coagulans and the anaerobic mesophiles of the genus Clostridium 
butyricum or Clostridium pasteurianum can grow in a nonconcentrated 
tomato medium. 

Bacillus coagulans , which is found in soil that adheres to tomatoes and 
is responsible for flat sour spoilage in the canned product (Leonard et al., 
1977; Thompson, 1981; Vincini, 1984), has received special attention. Its 
optimal growth temperature is 45-50°C, and, like many other 
microorganisms, its thermal resistance increases with increased pH. 
Clostridium pasteurianum can grow at a pH as low as 4.3 and produces gas 
that will cause swelling of the containers. 

The thermal resistance of the bacteria that contaminate canned tomatoes 
has been the subject of only a few studies (Hernandez, 1971). A study using 
isolates from spoiled canned tomatoes (Bailleule, 1985) showed that the 
conditions in which the spores are formed or germinate influence the 
thermal resistance and subsequent germination of the spores formed. 
Sporulation is increased fourfold at a pH of 4.4-4.6 (see Fig. 6.3). While 
unconfirmed, it seems that the spores are much more resistant when they 
have been obtained from a more acid medium. 

In practice, canned peeled tomatoes are pasteurized by heating to an 
internal center temperature of 95°C. Some of the process times for static 
water baths at 100°C are given in Table 6.2. The values show the 
importance of the product initial temperature. The simplest process consists 
of immersing the filled sealed containers into open vertical retorts that 
contain boiling water; however, as shown in Table 6.2, the holding times are 
long and can adversely affect the product quality. 

The process times can be decreased by heating at temperatures above 
100°C and/or rotary or agitating pasteurizers. Continuous rotary pasteurizers 
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Figure 6.3. Percentage of sporulation as a function of pH, (—) in the serum, (-) in 

tomato juice (Bartholin, 1991). 

(Sterimatic) like that shown in Figure 6.4 are available. Experience has 
shown (Anonymous, 1985) that the can size, fill weight, the size and shape 
of the tomatoes and the juice viscosity are critical factors. The head space 
in agitated cooks must be carefully regulated and controlled. 

6.10 SUMMARY 

While most of the unit operations are involved in the preparation of raw 


Table 6.2. 

Process Time Required 
Temperature 

to Attain 95°C 

Internal Center 

Size 

Fill Weight 

Preheat 

Duration 

(kg) 

(g) 

(°C) 

(min) 

0.5 

420 

60 

43 

0.5 

420 

57 

44 

0.5 

420 

35 

50 

1.0 

850 

57 

70 

1.2 

1000 

43 

92 

1.2 

1000 

55 

80 

3.0 

2700 

47 

120 


Source: Leoni, 1980. 
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Figure 6.4. Continuous pasteurizer (Sud-Est Equipment) (Batholin, 1991). 


fruit and vegetables for thermal processing and consumer acceptance, they 
must be adapted to the individual product. The adaptation has been 
demonstrated by the examples given in this chapter. It should be evident 
that each type and style of canned fruit or vegetable requires separate study, 
knowledge, and experience consistently to produce a quality product. 
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7 

PREPARATION OF MEAT 
AND MEAT PRODUCTS 


7.1 RAW MATERIAL QUALITY 

For the protection of human health, it is imperative that all meat and meat 
products, including poultry and game, be subjected to antemortem and 
postmortem inspection by qualified inspectors and veterinarians, and be 
found fit for human consumption. Most countries involved in the canning 
of such products have national laws and regulations that dictate such 
mandatory inspections. In addition to the health of the animals, the 
regulations have specific requirements for the hygienic conditions in which 
the animals are reared, kept, transported, slaughtered, and the products 
prepared for distribution and sale. A review of the pertinent laws and 
regulations worldwide could well be the subject of a book on its own and is 
outside of the scope of this text; however, for more details, the reader is 
advised to consult the agency that has jurisdiction in this matter in their 
country. 

In addition to the color, tenderness, and texture that were discussed in 
Chapter 1, an important quality attribute of meat and meat products, 
especially those that are subject to the canning process, is the ability to 
retain water. A meat that has a low water retention capability will produce 
a dry and fibrous product that has little desirable organoleptic qualities 
following thermal processing. While this characteristic varies in the meats 
from all animals, most of the research has been carried out on pork. The 
meat from certain breeds of hogs is prone to being exudative (i.e., possesses 
a low water retention capability) (see Chap. 1). The studies undertaken over 
the past 50 years have disclosed two possible pathways for intervention: 
technological and biological. 

It has been shown (Ellerkamp and Hannerland, 1952; Bendall, 1954) 
that the addition of alkaline polyphosphates increases the water retention in 
thermally processed meats. This is particularly evident in the case of 
exudative meats. The compounds commonly used are the salts of 
polyphosphoric acids obtained by condensation of orthophosphoric acid 
P0 4 H 3 or polymerization of metaphosphoric acid P0 3 H. They affect the 
water retention by raising the pH and forming complexes with calcium and 
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magnesium ions. The complexing of the calcium and magnesium ions 
prevents the formation of bridges between the polypeptide chains of the 
proteins and their contraction, which in turn reduces the quantity of water 
immobilized or retained. They also have a dissociating action on the 
actomyosin complex. 

The addition of polyphosphates to meats is subject to regulatory control 
in most countries. For example, in France, they can be used in some cooked 
cured products (e.g., ordinary ham or cooked pates); in pieces of meat used 
in canned prepared entrees at a level of 0.3% (expressed as P 2 0 5 ). This is 
reduced to 0.2% in choice hams. They are not permitted in certain special 
high quality hams, corned beef, and beef in gelatine. As the regulations with 
respect to the addition of polyphosphates may vary from one country to 
another, the reader is advised to consult those of a particular country. 

The exudative characteristic is essentially genetic (Monim, 1984). In 
certain hog populations, a variable proportion of the animals will be sensitive 
to the anesthetic halothane and, upon exposure, develop a malignant 
hyperthermia syndrome. The gene responsible for the sensitivity to 
halothane is recessive; it also has a positive effect on the muscle 
development. The selective breeding for muscle development in certain 
breeds of hogs (e.g., Pietrain, Landrace Beige, and, to a lesser degree, 
Landrace Fran^ais) has resulted in a significant increase in the frequency of 
this gene. Under the influence of different stresses the animal undergoes 
before and during slaughter, the fall in the muscle pH postmortem is very 
rapid in those animals that have the gene and demonstrate halothane 
sensitivity. A low pH in combination with the high temperatures 
encountered during cooking or canning results in decreased water retention 
by the muscle proteins. Toward the end of the 1970s, a rapid diagnostic test 
was developed for determining halothane sensitivity characteristic in 
breeding programs. The selection of unaffected females has resulted in a 
reduction in the incidence of this phenomenon. 

The introduction of the Hampshire for cross-breeding has led to the 
appearance of meats that have a very low final pH (5.2-5.3) and a low water 
retention capability. This is linked to elevated glycogen levels, which, in 
turn, leads to the low final pH and has been shown to be of genetic origin. 
A rapid detection method is being developed (Monim, 1989) that should 
permit the elimination of the characteristic or at least to significantly reduce 
its frequency in future breeding programs. 

The genetic predisposition to produce exudative meats is more evident 
when the stresses are increased before and during slaughter. An obvious 
solution is to minimize these stresses. It has been shown that the sledge 
hammer or the captive bolt pistol method for stunning the animal (a method 
that is no longer used as they are incompatible with the speeds in modern 
abattoirs) produces the greatest stress and has the most adverse effect on 
meat quality. Even anesthesia by C0 2 gives inferior results compared with 
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electronarcoses. In this latter technique, very high voltages (more than 600 
volts, which is only possible with entirely automated installations) are 
preferred to lower voltages (200-300 volts) (Girard et al., 1986). 

7.1.1 Spoilage 

The quality of raw meat can deteriorate rapidly due to its high moisture 
content, inherent complement of a wide range of enzymes, and the ever¬ 
present microbial contamination. The conditions of the environment to 
which it is exposed has a profound effect of both the type of deterioration 
and the rate at which it occurs. The deterioration is commonly encompassed 
under one term, spoilage. Thus, spoilage can be defined as changes that are 
detrimental to the organoleptic or technological qualities of a meat and can 
occur at any time following slaughter of the animal. These can be due to 
intrinsic and/or extrinsic factors. It is not always easy to distinguish a defect 
due to spoilage and to define a state that would render meat or meat 
products unacceptable for use as raw products in a canned food. The 
mechanisms involved are, for the most part, inherent, well known, and 
progressive. The dividing line between acceptable and unacceptable is hazy 
and, at times, variable when the subsequent use and economics are 
considered. Spoilage is usually only evident with the appearance of various 
undesirable organoleptic attributes. Changes to the external appearance 
include a superficial formation of sticky punctiform spots that can spread to 
form a continuous glossy coating, called slime. Muscle surfaces can become 
dark red or maroon, dry with the consistency of cardboard, and covered with 
mold. Superficial fats can become clearer or cloudier, depending upon the 
storage conditions employed. Various off-odors can appear in conjunction 
with the above or be taken on from the immediate environment. It should 
be noted that thermal processing does not generally remove or counteract 
any disagreeable odors or flavors, nor can they be masked by any 
combination of spices. The physical changes to the appearance and odors 
are accompanied by alterations to the texture and composition, for example, 
the muscles becoming soft and pH increases or decreases, as the case may 
be. 

7.1.1.1 Odor Uptake 

Animal fats, like most lipids, are prone to taking on a wide variety of odors 
that may be present in the environmental air and are difficult to remove. 
Therefore, the odoriferous creosol disinfectants should not be used or stored 
in areas in which meat or meat products are handled or stored. The acetone 
solvents used in marking pens can penetrate plastic packaging and be taken 
up by the fats. Citrus fruits and fish, which are sources of strong 
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characteristic odors that can be taken up by fats, should be stored separate 
from meat and meat products. Another source of undesirable odors are 
those associated with unclean refrigerated storage areas. 

7.1.1.2 Dehydration and Condensation 

Due to their high moisture contents, raw meat and associated products are 
prone to dehydration. In unprotected (packaged) products, this occurs by 
evaporation under refrigerated conditions and sublimation for frozen 
products (i.e., freezer burn). As evaporation progresses, moisture in the 
superficial zones diffuses toward the surface and is then replaced by the 
capillary movement of moisture from the interior. In frozen products, the 
movement of moisture to the surface is considerably retarded; hence, usually 
only the exposed surfaces are affected. 

When evaporation is too rapid to permit replacement of the loss of 
superficial moisture, the superficial tissue contracts and forms a rigid, almost 
impermeable, crust, which is dark colored due to the concentration of 
pigments. To a certain degree, this is desired in the rapid cooling of 
carcasses, as it retards further evaporation and hinders superficial microbial 
growth by lowering the water activity ( a w ). However, when it is accentuated 
and the depth of the dehydration is many millimeters, the subsequent 
crusting may require a significant amount of trimming. Weight loss due to 
evaporation during storage generally varies between 1 and 2% per week; 
however, this can be exceeded and result in significant economic losses. 

The temperature differential between the product and the ambient air, 
the velocity of the air passing over the product surface, and the nature of the 
surface of the product itself are factors that influence the dehydration. For 
the most part, these can be controlled to minimize any adverse effects. Pork 
carcasses are less affected because they have a rind (skin) and a superficial 
adipose tissue cover that provides protection. Impermeable protective 
coverings are used in some cases to protect carcasses and minimize 
evaporation or sublimation. High relative humidities, which minimize 
evaporation, in combination with even minimal thermal fluctuations should 
be avoided, as this may result in condensation and give rise to increased 
microbial activity. To minimize evaporation and microbial growth, the 
relative humidity of the ambient air in the storage areas should be controlled 
to between 80 and 85%, and air movement should be held to a minimum. 
The product surfaces should otherwise be protected by the use of suitable 
packaging material. 

7.1.1.3 Oxidation 

Meat pigments and lipids are directly affected by the oxygen in air. The 
pigments can be oxygenated and/or oxidized. Depending upon the degree 
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of unsaturation of the component fatty acids, the lipids are subject to 
oxidative rancidity. 

Oxygenation of the myoglobin and hemoglobin results in an unstable 
formation of oxymyoglobin and oxyhemoglobin and gives meat its bright red 
color. Oxidation transforms the iron in the heme portion of either pigment 
from the ferrous to the ferric form, which produces a brown coloration. 
These pigments will be denatured into grey or maroon hemachrome during 
cooking, so that their initial state is of little importance. The rosy red 
oxidized color, which is characteristic of the exposed surfaces of fresh meat, 
can only be preserved if the pigments have been transformed into 
nitrosomyoglobin by the action of nitrites. The color of this nitroso pigment 
is unchanged by canning; however, curing will not correct color defects in the 
fresh product. 

The bleaching effect of the oxidation of the yellow carotenoid pigments 
in beef and poultry fat, which is a relatively minor quality attribute, is an 
indicator of oxidation of other lipid components that, by the production of 
undesirable flavors, can be very detrimental to the organoleptic quality. The 
mechanisms involved in the oxidation of lipids are fairly well known. 
Oxygen is first taken up by the double bonds of the unsaturated fatty acids 
that form peroxides. These are subsequently broken down to form volatile 
aldehydes and ketones with disagreeable odors and flavors. A variable 
induction period precedes the activation of the initial reactions, which then 
proceeds rapidly to the eventual appearance of the low-molecular-weight 
volatile compounds. The process is autocatalytic in that the rate is 
proportional to the extent of oxidation and independent of the oxygen 
tension. However, the latter affects the length of the induction period. A 
correlation can be established between even low peroxide levels in the lipid 
fraction and the potential rancidity. 

The oxidation varies with the composition and physical state of the fats. 
Unsaturated triglycerides and phospholipids, ethanolamine, and choline are 
susceptible to oxidation, which can produce strong disagreeable odors. Free 
unsaturated fatty acids are more easily oxidized. The more unsaturated the 
fatty acid, the more easily and rapidly it is oxidized. For example, the 
triunsaturated linolenic acid (08:3) is more vulnerable than the 
diunsaturated linoleic acid (08:2), which in turn is more vulnerable than 
oleic acid (08:1), which has only one unsaturated bond in its chain. At 
normal temperatures, the saturated fatty acids, like stearic acid (08:0), are 
not affected, while the polyunsaturated fatty acids are, even at freezing 
temperatures. Traces of certain metals, including the iron of myoglobin and 
hemoglobin, can catalyze these reactions. After iron, the most efficient are 
nickel, cobalt, copper, and manganese. Chelators, like the polyphosphates 
used in meat products, retard oxidation by masking these metal catalysts. 

For a variety of reasons, lipid oxidation in meat products varies. The 



240 


FOOD CANNING TECHNOLOGY 


induction period is often reduced to virtually zero by the presence of 
metallic pigments and a significant initial level of peroxides. The rate and 
extent of the oxidation is affected by: 

• the composition of the lipids (unsaturated versus saturated); 

• the presence of natural antioxidants (such as tocopherol, vitamin A, 
certain amino acids); 

• the action of tissue lipases that liberate the fatty acids; 

• the tissue structure, which determines the dispersion of the lipids and 
their protection by the proteins; 

• the capillary spaces and the diffusion of oxygen into the aqueous phase. 

% 

The quantity of lipids in the tissues and their composition vary with the 
animal species and, to a certain extent, from animal to animal of the same 
species. The fats of ruminants are less unsaturated, while that of pork and 
birds contain a significant percentage of polyunsaturated fatty acids. To a 
varying degree, sex, age, and nutrition also affect both composition and 
quantity. The feed strongly influences the quality (composition) of the body 
fats in pork and birds. Certain antioxidants in the feed can be found in the 
adipose tissue and can retard any subsequent oxidation. 

Various tests are used to assess the susceptibility of fats to oxidation, 
their state of degradation, and their shelf-life potential. These are based on 
the direct or indirect determination of the presence and level of certain 
compounds. The peroxide value has been used as an index of the stability 
of raw materials as well as an indication of the extent to which lipid 
oxidation has taken place. The correlation of the appearance of the 
disagreeable odors that results from lipid oxidation to peroxide values is not 
straightforward and varies for the various fats. One of the reasons for a lack 
of agreement is that the substances responsible for the off-odors are 
decomposition products of the peroxides. During the oxidation of lipids, the 
peroxide values rise to a maximum followed by a decrease and an increase 
in the off-odors. Another is the thiobarbituric acid test, which determines 
the aldehydes formed during the course of oxidative rancidity. The level of 
the total carbonyl compounds or volatiles formed and most often responsible 
for the off-odors can be determined by steam distillation. 

7.1.1.4 Intrinsic Factors 

Various intrinsic factors related to the meat constituents are also involved 
in giving meats the appearance of spoilage. Microorganisms are generally 
included under this heading as it is virtually impossible to avoid at least 
some degree of microbial contamination of raw meat. Contamination is 
through contact of the raw product with contaminated surfaces (e.g., walls, 
floors, truck beds, containers, food contact processing surfaces, etc.) or with 
environmental dust carried by air currents. While the contamination is 
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generally superficial, it is spread during the subsequent handling, trimming, 
cutting, and so on, operations. The processor should always be aware that 
microbial contamination is a fact of life and should take adequate measures 
to minimize the level of contamination. 

Nonenzymatic changes primarily involve the Maillard reactions, which 
are a complex series of interactions between food components that form 
soluble and insoluble brown pigments that have characteristic odors and 
flavors. The initial condensation reactions occur between reducing sugars 
and free amines of proteins, particularly the amine group of lysine residues. 
Cetosine and aldosamine, which are products of these reactions, are very 
reactive and can either polymerize to form large molecules (soluble 
premelanoidines, insoluble melanoidines) or break down, giving volatile and 
odoriferous products (cetones, aldehydes, acids, acetone, hydroxy diacetyls, 
carbon dioxide, and ammonia). Maillard reactions occur especially at the 
elevated temperatures used in cooking, pasteurization, and dehydration. 
Although they do occur in meats, particularly in meat products, they do not 
constitute a source of major quality defects in refrigerated raw meats. 

Enzymes involved in meat spoilage are derived from the tissues or the 
contaminating microorganisms. Studies to separate the role of the meat 
enzymes from those of microbial origin are carried out by application of 
controlled dosages of irradiation to effect microbial destruction without 
affecting the meat enzymes. However, it should be remembered that any 
microbial enzymes present prior to the irradiation treatment will also be 
unaffected and their activity may not be separable from those of the meat. 
The results obtained by a number of authors show that the glycogenolysis is 
cellular; the lipases and the proteases act manifestly, but discretely. The 
level of soluble nitrogen increases very slightly and only after prolonged 
storage. The effects of the activities of the various meat enzymes on certain 
characteristics of meat, such as acidification, tenderization, softening, 
weeping, and appearance of aroma, are evident and have been discussed in 
Chapter 1. 

Microbial enzymes are numerous and varied. There are the intracellular 
enzymes that act on substrates incorporated into the microbial cell and the 
extracelluar enzymes that are either sent out from the microbial cell or result 
from lysis of the bacterial cell. These can diffuse throughout the tissues and 
act at a distance from their microbial source. The enzymes and enzyme 
systems exercise their activity in two ways. The first way is catabolic, which 
breaks down substrates; the other is anabolic in the synthesis of compounds 
such as toxins, pigments, ropy or sticky substances, or cellular constituents 
from cellular multiplication. 

The aerobic oxidation of carbohydrates available in meat, which is 
primarily microbial in origin, progresses through the respiratory oxidative 
steps to pyruvic acid, and then to carbon dioxide and water. In the 
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anaerobic or fermentation mode, lactic acid appears. Alcohols, aldehydes, 
and ketones appear in the heterofermentative mode, in addition to lactic 
acid, other acids such as butyric, propionic, acetic, and so on. While the 
reactions take place within the microbial cell, the products diffuse out to 
permeate the meat tissue. However, due to the low carbohydrate levels in 
most meats, they are of relatively little importance other than that the 
carbohydrates present provide nutrients for the growth of spoilage 
organisms. 

The proteolytic enzymes are of greater concern. They are very specific 
for a given peptide linkage or a particular function, and they can attack the 
ends of the peptide chains or attack internally, with the latter being less 
likely. Decarboxylation and deamination as well as attacks on the sulfhydryl 
linkages also occur. This catabolism results in the appearance of peptones, 
dipeptides, acids, amines, polyamines (i.e., histamine, putrescine, 
cadaverine), hydrocarbons, ammonia, carbon dioxide, sulfhydryls, and so on. 
These are soluble, and some are volatile and have disagreeable odors and 
flavors. This degradation is most evident at nonrefrigerated temperatures. 
The putrid odor, which can, at times, be observed, is due to the growth of 
putrefactive organisms such as Proteus sp. and Clostridium sp. Maintenance 
of the cold chain (i.e., continuous refrigeration of perishable products) has 
minimized their importance. Under refrigeration, the adverse effect most 
often seen is a musty or cheesy odor and a disagreeable taste that resuls 
from proteolytic activity of psychrophilic microbes like Pseudomonas sp. 

Lipolysis is common, even at refrigeration temperatures. It results in a 
progressive release of free fatty acids and glycerol as well as di- and 
monoglycerides. Mono- and diglycerides are powerful emulsifiers that give 
the fat some interesting properties, particularly the consistency. The volatile 
butyric and caproic acids and the soluble capric and caprylic acids that result 
from hydrolysis of the lipids in which they occur impart a rancid odor and 
taste to meat. The glycerol produced is utilized as a carbohydrate source, 
and the fatty acids are broken down into very short radicals with subsequent 
conversion to acids. All these substances have an odoriferous aspect and 
contribute to the characteristic odor, which varies from one fat to another. 

Enzymatic synthesis produces viscous substances, the mucosaccharides, 
which form a sticky coating characteristic of a certain degree of superficial 
putrefaction and precedes the appearance of slime. The synthesis of 
pigments of various colors, such as, yellow, red, maroon, and pink, 
characterizes certain alterations of salted meat or fish. Molds present hues 
from black to blue in passing from brown, maroon, and green. Some 
microbial toxins, like staphylococcal enterotoxin, are thermoresistant and can 
survive conventional cooking, simple pasteurization, and, in some cases, 
canning. 

The determining factors are those that influence microbial metabolism, 
growth, and enzyme activity. While the growth of Pseudomonas sp. is 
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inhibited at low temperatures (-5°C), their lipases are still active at -10°C 
and even -15°C. The particular type of spoilage that will occur will depend 
upon the composition of the microbial flora present, the availability of 
substrates, the competition among the various contaminating 
microorganisms, and, of course, the temperature, pH, and water activity. 

Temperature is by far the most important controlling physical factor. 
However, even at normal refrigeration temperatures, microbial proteases and 
lipases can be produced in appreciable quantities and cause alterations. 
Refrigeration temperatures between 0 and 2°C must be maintained if 
optimal storage life of meat is to be attained. Storage temperatures < -18°C 
are required to ensure inactivation of the enzymes and should be maintained 
in frozen products, which are generally stored for longer periods than are the 
refrigerated products. Temperature fluctuations between -18 and -10°C and 
above can restart protease and lipase activity, which will adversely affect the 
meat quality over prolonged storage. They can also increase the size of the 
intratissue ice crystals, which has been shown to be the cause of an increased 
bleeding of thawed products and an impression of dryness of the food at the 
time of consumption. 

The ambient relative humidity affects superficial dehydration and 
influences microbial growth. It also has an important role in carcass cooling 
as surface evaporation increases the heat removal. Condensation on an 
unprotected surface of meat when withdrawn from refrigerated storage can 
cause a localized increase in the moisture and hence in the water activity 
that results in an increased microbial growth, particularly at non re frige rat ion 
temperatures. Forced air ventilation can increase surface evaporation, 
surface dehydration, and associated phenomena. While the effect of these 
atmospheric factors is well known, they can be difficult to control precisely 
and accurately. 

Vacuum packaging that uses moisture and oxygen-impermeable films 
can be an effective means for limiting surface evaporation and oxidation. 
The residual oxygen contained within the packaged meat is utilized by the 
surface microorganisms and transformed into carbon dioxide gas, which can 
in turn prevent the growth of both obligate and facultative aerobic 
organisms. Since no film is completely impermeable to oxygen, its partial 
pressure is only reduced, although considerably. The micro-aerophillic 
atmosphere thus formed, in combination with the temperature, water 
activity, and pH, favors the development of certain strains of lactic acid 
bacteria, particularly in meat and meat products. These lactic ferments 
acidify the product and maintain a low pH. An initial predominance of 
enterobacteria or Alealigenes spp. or indeed Aeromonas spp. will sometimes 
result in a malodorous proteolysis. 

Vacuum packaging, by itself, is not sufficient. The products must be 
prepared and handled under hygienic conditions and the cold chain must be 
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maintained if maximum benefits are to be attained. Hygienic handling and 
maintenance of refrigerated temperatures are also very important to poultry 
products. 

7.1.2.5 Detection and Determination of the Extent of Spoilage 

To determine the extent of microbial spoilage before it becomes 
organoleptically evident or, conversely, evaluate the potential stability or 
resistance of a meat to microbial spoilage generally involves some form of 
microbial enumuration. The minimum 2-day wait for the results by 
conventional enumeration methods is too long for other than specific 
studies. Indirect methods based on the type and quantity of certain bacterial 
products produced are not very sensitive even though they are quite rapid. 
However, considerable progress is being made on rapid methods that can be 
completed in a few hours or less and can be quite applicable to control 
monitoring. Inoculated pack studies to evaluate potential shelf-life or 
resistance to microbial growth and spoilage are also time consuming and 
require considerable expertise and facilities. Rapid microbiological methods, 
such as determination of bacterial ATP by bioluminescence, measuring the 
electrical conductivity of an inoculated medium, quantity of C0 2 that arises 
from the utilization of a radioactive labeled substrate, and so on, are costly, 
intricate, and require a large number of measurements for reliable 
correlations, which in many cases cannot be justified in practical terms. The 
reduction of methylene blue, used by the dairy industry, varies considerably 
with respect to the contaminating microbial flora. The interpretation and 
correlation of the results can be complicated, especially in the prediction of 
the degree of contamination. The measurement of the redox potential, 
while more sophisticated and precise, is also difficult to interpret. The 
determination of the level of Gram negative bacterial endotoxins using 
shellfish enzymes (limulus) has potential, but there has been little practical 
application to date. 

The number and types of bacteria present are of prime concern. In 
foods that contain carbohydrates, even in trace amounts, the musty odor only 
appears when a level of 10 8 organisms per square centimeter is attained, 
although it may become evident at between 10 6 and 10 7 organisms in the 
absence of carbohydrates (i.e., normal meat and dark cutting meat). The 
higher the initial bacterial level, the more rapid the subsequent deterioration 
will be. 

The extent of spoilage can also be evaluated by the quantity of the 
catabolic products present. Ammonia, which is the most common substance 
that results from putrefactive microbial proteolysis, can be measured either 
by a direct colorimetric method or by distillation and titration. The latter, 
known as the Total Basic Volatile Nitrogen (TBVN) and expressed as 
milligrams per 100 g of defatted product, measures the amines and 
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polyamines as well as ammonia. The results, while significant for certain 
food categories, should be used with considerable caution for others. 

Measurement of the quantity of volatile substances responsible for the 
bad odors has also been considered. Various methods, such as diffusion, 
capture by air or inert gas percolated through a homogenate, and measuring 
the volatile reducing substances, are used. Gas liquid chromatography has 
produced some interesting results and shows promise. While these methods 
require special equipment and expertise, they have permitted study of the 
spoilage mechanisms. At present, however, they are not suitable for on-line 
use. It should be noted, however, that these substances only appear along 
with the free amino acids at a point at which spoilage is well advanced. The 
old reliable sense of smell is more sensitive than any other method and will 
detect spoilage long before any of those mentioned. To detect early 
proteolysis, measurement of the nonprotein nitrogen or certain amino acids 
has been proposed. Here again, there is a significant normal variation that 
is preceded by observable organoleptic manifestations. 

Various components of meats (e.g., lipids, glucides, protides, etc.) in 
conjunction with the various physically, chemically, and enzymatically 
induced alterations produce related substances that can participate in further 
degradations or synthesis and can favor rather than retard the overall effect. 
For example, the lipid oxidation activates the Maillard reaction, the 
heterofermentation of the sugars favors the appearance of volatile fatty acids 
from certain amino acids, and so on. 

While methods proposed for the measurement of the extent of spoilage 
and especially to forecast meat stability are very numerous, none is 
completely satisfactory. The most reliable are those for bacterial 
enumeration with, if possible, a qualitative study of the microbial flora, such 
as the predominance of Gram positive or negative organisms. Thus, by 
employing the most appropriate culture media and knowing the physical and 
chemical characteristics of the food, as well as the type of packaging used, 
it is possible to determine the nature and the rapidity of the spoilage. 
Prevention is always the best course of action. However, the results of 
microbial examination and enumeration can be used to ascertain potential 
causes and sources so that preventative measures may be taken for future 
production. 

In most cases the contamination present upon delivery of the raw 
materials is the prime factor, and, as will be discussed, this can vary 
considerably. Initial microbial contamination can be increased by unhygienic 
handling, transportation, and storage. Therefore, every effort should be 
made to ensure that the meats are handled and prepared under hygienic 
conditions, and then stored in appropriate conditions to avoid or at least to 
minimize any increase prior to further processing. Economic conditions 
permitting, raw materials should be selected with respect to their microbial, 
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functional, and organoleptic qualities. This is best achieved by the 
elaboration of specifications, which take into account the technological and 
organoleptic characteristics required (e.g., conformation or trimming, degree 
of fat, pH, internal temperature, the stability of the lipids to oxidation, etc.), 
as well as the extent and type of microbial contamination. 

7.1.2.6 Special Considerations 

The offal, particularly the liver, requires special attention. The microbial 
contamination of liver can be internal as well as external as it has a dense 
network of canaliculi, which permits microbial penetration. It is rich in 
glycogen, which actively supports microbial growth, and rich in blood, which 
limits acidification and favors putrefaction with its buffering ability. Rapid 
and continuous refrigeration is the only effective control measure. 

Tripe is unique. Cooking releases H 2 S, which forms sulfides that give 
a black tinge to the areas impregnated with traces of iron. For this product 
the adverse role of tramp metals, particularly iron, should not be ignored. 

The structure of poultry muscle is very similar to that of mammals. The 
skin, which is not removed after slaughter and evisceration, does provide 
some protection to the underlying muscles against microbial contamination. 
The exposed abdominal and serous cavities and their contents are relatively 
isolated, as the sternum and thoracic bones provide a barrier to separate the 
pectoral muscles (i.e., white meat). In other respects the cavity is not 
ventilated. The moisture is always high, even more so when the birds are 
packaged. The highly unsaturated poultry lipids are very prone to oxidation, 
which explains why superficial spoilage, even in the absence of carbohydrates 
but in the presence of drip rich in soluble nitrogen, proteinaceous or not, 
develops rapidly. Microbial contamination is very critical in precut poultry, 
and as acidification is less than that in other meats, spoilage develops more 
rapidly. 

It should be evident from the foregoing that inspections of raw product 
should be carried out by personnel knowledgeable of the causes and effects 
of spoilage. An organoleptic inspection by trained persons is without doubt 
the most important control measure. In most cases, any subsequent 
measurements and analyses only provide objective support of the original 
observations. They can also form the basis for the establishment of 
specifications. 

7.2 RECEPTION AND STORAGE 
7.2.1 Reception 

Raw meat and meat product quality deteriorate very rapidly with the 
increased growth of the microbial contamination at nonrefrigeration 
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temperatures. Therefore, it is imperative that they be kept at the 
appropriate preservation temperatures, 0-3°C for refrigerated products and 
-18°C for frozen, at all times, including transportation. Therefore, prior to 
unloading a consignment, the product should be inspected and the 
temperature taken to ensure that it is at the required temperature. The 
canner should require the transporter to keep and provide records that 
establish that the appropriate temperatures have been maintained. The pre- 
unloading inspection should also look for any evidence of spoilage (e.g., off- 
odors) and obvious contamination. Product that shows any evidence of 
spoilage, infestation, or not having been kept at the appropriate temperature 
should not be unloaded into the cannery. 

Meats may be received by the cannery in various forms. The meats are 
generally precut and boned and, for the meat products, packed in lined 
cartons or in vats. Some canneries take delivery of whole, half, or quarter 
(according to the species) carcasses, which are usually transported suspended 
from hooks on the rails of refrigerated trucks. These will be boned and cut 
into portions prior to their utilization in the manufacturing process. 
Refrigerated precut portions can be shipped as is or vacuum packed in 
30-60-L (8-16-gal) capacity covered containers constructed of a material 
suitable for food contact (i.e., stainless steel or plastic). They require 
washing and disinfection prior to their return. To minimize storage and 
shipping space, the containers should be capable of being nested. Raw 
refrigerated or frozen boned meat is also packed in corrugated cartons lined 
with sulfurized paper, polyethylene, or other plastic film of food-contact 
quality. The cartons are generally such that they will contain about 25 kg 
and can be palletized. Offal, meat byproducts, and quality poultry products, 
fresh or frozen, are usually packed in plastic bags and shipped in corrugated 
cartons. 

The unloading operation should be enclosed and the temperature on the 
unloading bay be maintained at 8°C and not exceed 10°C. When unloading 
from trucks parked on the exterior of the building, insulating cushions placed 
about the unloading bay opening that will fit snugly to the rear of the truck 
(Fig. 7.1) should be used to minimize the entry of warmer air from the 
external environment. 

The unloading of whole, half, or quarter carcasses poses two problems: 
hygiene and personnel safety. First, their weight generally exceeds that 
which a worker should be expected to routinely handle alone. Second, 
manual unloading is unhygienic and prone to causing additional microbial 
and foreign material contamination. While carcasses, halves and quarters, 
are generally suspended from ceiling rails in the trucks, there are standard 
and consistent means for linking the overhead rails in the delivery trucks and 
those in the unloading bays. Therefore, various transfer mechanisms must 
be used that vary from simple linking arms to automatic manipulators. 
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Figure 7.1 Enclosed receiving bay (Eynard, 1991). 

The linking arm is formed from a telescopic articulated bar fixed to a 
brace on the truck rail on one end with the other linked to a tackle that can 
raise or lower it to meet with the rail in the unloading bay. By exchanging 
the hooks supporting the quarters and by playing with the slope of the bar, 
the transfer can be achieved. The manipulators that unhook the quarters in 
the truck and then rehook them onto the unloading bay system are complex 
mechanical systems that can have different types of controls, the most 
common being a handlebar or hand-operated controls (Fig. 7.2). Vats and 
cartons are unloaded manually or by motorized pallet trucks for product on 
pallets. Unloading platforms can be mechanically adjusted to the height of 
the truck bed so that pallets can be rolled out onto the unloading bay. 

7.2.2 Storage 

The raw materials should be inspected again for any evidence of spoilage 
and/or contamination. Affected product should not be stored and should 
either be disposed of or, if feasible, reworked. In some cases the salvage 
operation may be comprised of a sorting and trimming operation followed 
by immediate processing. In the case of mixed lots, the products should be 
sorted with respect to the particular type of storage they require. These 
operations should be carried out as quickly as possible and in an area 
maintained at about 10°C so that the product temperature does not 
significantly increase. 

Because of their size and awkward shape, whole, half, and quarter beef 
carcasses are moved on overhead rail systems in which each unit is 
suspended by a hook or other device from a carriage. The double-light 
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Figure 7.2. Example of trolley linking (Eynard, 1991). 

birail system comes highly recommended. The rollway or rail is formed from 
two aluminum alloy sections that can support 750 kg. The rail hangers are 
also made of an aluminum alloy. The rollers that carry the carriage roll on 
the internal edges of the double rail and the hook passes in between (Fig. 

7 . 3 ). 

In the storage area, the overhead system should be arranged in a 
manner that will permit the products to be easily rotated (i.e., first in, first 
out), and the entrance and exit should be opposite each other. The overhead 
rails should run lengthwise (i.e., between the entrance and exit) to minimize 
the number of switches. The height of the rails should be such that the 
longest carcass will be at least 50 cm (20 in.) off the floor and there should 
be sufficient space between rails that both product and personnel can move 
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Figure 7.3 Birail system, light type (Eynard, 1991). 


freely. The load capacity per linear meter that has been found most 
satisfactory would permit holding three to four beef quarters, three to four 
veal or pork carcasses, or six to ten lamb carcasses. 

For refrigerated fresh carcasses, the storage temperature should be 
maintained at 0-2°C, and the relative humidity at 90-95% with only slight 
air movement or ventilation. Meat and meat products packed in vats or 
cartons should be kept under the same conditions as those for the carcasses. 
Frozen products should be kept at -18°C and even -20°C for certain 
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Figure 7.4. Conveyor belts (Eynard, 1991). 

products and long-term storage. Cartons and vats are usually palletized for 
ease of handling. 

The carcasses are moved to the cutting and boning stations via the 
overhead rail system. The precut and boned raw product is removed from 
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the shipping containers and placed either on conveyors for transfer to the 
respective preparatory operation or in mobile vats. The conveyor belts used 
for unpackaged product should be made of food-grade quality stainless steel 
or plastic composition (e.g., PVC, nylon) that has a smooth impermeable 
surface capable of being easily cleaned and disinfected. The configurations 
of conveyors commonly in use are given in Figure 7.4. As PVC is less 
expensive, it is the first choice of the meat industry. A regular program for 
the cleaning and disinfection of the conveyor systems should be designed, 
documented, and effectively carried out. Product in the mobile vats or tubs 
is moved directly to the preparatory operation. A designated manual or 
mechanical washing and disinfection station should be provided in an area 
close to the routing of the empty tubs but physically separated from any 
transformation or processing operations. The tubs should be cleaned and 
disinfected prior to reuse. 

The waste products should be placed directly into containers specifically 
designated for this purpose and located close to the operation in which they 
originated. The containers can be plastic bags, suitably supported, or mobile 
tubs. In large operations, PVC conveyors are sometimes used to move waste 
from the various operations to a central receiving area and containers. 
Plastic bags should not be reused. Reusable waste containers should only 
be used for this purpose and washed and disinfected prior to reuse. 

7.3 PREPARATION OPERATIONS 

Meat and meat products alone or in combination with other ingredients are 
used to produce a wide variety of canned products. Meat pastes, hams, 
corned beef, and a variety of luncheon meats are some examples of products 
composed primarily of meat and/or meat products. In the combination 
products, the meat, which is the major protein component, may be combined 
with other ingredients (e.g., vegetables, pasta, and a variety of sauces). The 
meat component can be mixed with the other ingredients as in stews, pasta 
with meat, and so on, or separately in entrees with vegetables (i.e., TV 
dinners). The meat can be in separate precut portions, ground, 
reconstituted, or cured. 

The canning industry generally uses meats that are not readily 
marketable in the fresh market and are therefore less expensive. In the case 
of beef, meat from bulls and older animals (cows that no longer produce 
sufficient yields of milk) are generally used, and, price permitting, the front 
quarters, which tend to be tougher. For pork, the front quarters are again 
used for the same reason as that for beef and occasionally portions of the 
breast find their way into canned products. The exception is the entrees that 
generally command a better profit margin and hence can support the cost 
of the more expensive cuts. Poultry is used sliced, cubed, or in the form of 
whole anatomical parts such as thighs or legs. 
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7.3.1 Raw Meat 

The preparatory operations required depend upon the state (i.e., fresh or 
frozen) and form (i.e., carcass, precut portions, boned, etc.) of the raw 
material as well as the type of end product. The operations that can be 
involved are thawing, boning, and trimming, and size reduction including 
grinding, brining, and curing, precooking, and packing. 

7.3.1.1 Thawing 

A major concern in the thawing of frozen meat is the loss of fluids by 
exudation. During thawing the protein and the cellular structure is altered, 
which results in a decreased water retention in the tissues. Part of the 
water from the melted ice crystals formed during freezing is exuded. Losses 
or shrinkage from 1 to 5% of the fresh or frozen weight can occur. The 
extent of the shrinkage depends upon the nature of the raw material, the 
rapidity of freezing, and the control of the thawing procedure. As thawing 
progresses, the microorganisms initially present are again free to proliferate 
on the meat surface. This microbial activity increases rapidly as the 
temperature rises and nutritive matter in the exudate becomes available. To 
minimize microbial growth, the meat surface and exudate temperatures 
should not exceed 4°C during thawing. Various procedures can be used to 
thaw frozen meat safely and minimize shrinkage. 

Thermal energy must be applied to thaw frozen meat. The external 
application is the most widely used and simplest procedure to employ. 
However, it has the disadvantage of being quite slow. Because of the 
microbiological problems referred to earlier, the use of high external 
temperatures to shorten the thaw time should be avoided. Heat transfer can 
be increased, hence the thawing, by circulating the heating medium, be it air 
or water. 

The application of microwaves induces internal heating that can be very 
rapid. However, its present use in thawing is limited by the thickness of the 
mass, which should not exceed 12 cm (5 in.) as the heating differential 
between the surfaces becomes too large. This differential increases as the 
treatment is prolonged. However, it may be used to thaw products partially 
(i.e., to a center temperature of -4°C.) 

7.3.1.2 Boning, Cutting, and Trimming 

These are primarily manual operations that require skilled and trained 
personnel. Modern operations employ mechanized saws and knives that 
increase the speed at which these operations are carried out, but the training 
and skill elements are still paramount. An exception is the mechanical 
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separation operations directed to extracting the meat (i.e., MSM or 
mechanically separated meat) still attached to the bones following the 
manual boning operation. The primary hazard in these operations is the 
exposure of more cut surfaces of the flesh to microbial contamination. If 
this is not carried out rapidly, then the meat temperature does appreciably 
increase and subsequent significant increases in the microbial levels can 
occur. These operations produce the primary meat cuts, which are then 
subject to further size reduction depending upon the intended end use. 

7.3.1.3 Size Reduction 

These operations generally involve slicing, cubing, and grinding. With the 
exception of grinding, these operations tend to be manual, especially for 
beef, pork, lamb, and veal. The production of cubes of poultry meat has 
been mechanized and has been extended to meat from the other animals. 
However, they must be precut to an appropriate size for the machinery. As 
for the boning, cutting, and trimming operations, there is again the potential 
to increase microbial contamination, which can proliferate if the temperature 
of the meat is allowed to increase significantly. The particle size will depend 
upon the end product use. In some instances, the meat is precooked to 
facilitate slicing, and so forth. 

7.3. 1.4 Brining and Curing 

Meats are salted or brined to offset the shrinkage (i.e., loss of moisture) and 
the subsequent toughening of texture that may occur during thermal 
processing. It also permits the use of less severe thermal processes to attain 
commercial sterility (i.e., microbial stability). The addition of curing salts 
(i.e., nitrite alone or in combination with nitrate and other compounds) to 
the brine has the added benefit of fixing the color of the myoglobin to a 
desired pink and permits further reductions in the severity of the thermal 
process. The combined preservation effect of salt and nitrite on meat has 
been well established and is discussed in Chapter 4 on thermobacteriology. 

The severe thermal treatments required in the canning of meats can 
cause significant loss of fluids (shrinkage, up to 30%). The fluid exuded 
contains water, soluble proteins, amino acids, lipids, and mineral salts (e.g., 
potassium, sodium, calcium). While these may be taken up by any sauce in 
which the meat product is canned and contribute to its flavor, the shrinkage 
can have a significant and undesirable effect on the meat texture, tenderness, 
and juiciness. To offset the adverse effects, various techniques, such as 
brining and curing, which aid the meat’s water retention ability, are used. 

The extent to which brining affects the water retention capacity is 
governed by: 
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• the raw material (i.e., the type of meat beef: pork, etc.) and the particular 
muscle; 

• the prior preservation treatments used (e.g., freezing or vacuum packing); 

• the size of the pieces to be brined; 

• the composition of the brine; 

• the technique for incorporating the brine. 

The variation in the water retention capability of meat is due to a 
number of factors. The meat from each species exhibits different water 
retention capability, with pork meat generally having the best and poultry 
meat the worst. On the other hand, brine is more easily incorporated into 
poultry meat and in greater quantities. While unsupported by experimental 
evidence, the water retention capability can vary from muscle to muscle, and 
is most evident in beef. Fresh meat maintained under vacuum or controlled 
atmosphere has a superior water retention and ease of incorporation of the 
brine than that of thawed, frozen meat. The effect of particle size is species 
dependent (e.g., the larger the beef particle size, the greater is the water 
retention, whereas this is reversed in the case of pork). 

Brine made from chlorinated water can adversely affect the meat 
quality. While the water hardness does not seem to influence the yields (i.e., 
fluid retention), soft water is better for dissolving of the polyphosphates, 
which may be added to increase water retention. 

Aside from its well-known bacteriostatic action, salt also has a significant 
effect on water retention by solubilizing the myofibrillar proteins. 
Dissociated and dissolved actin and myosin have an increased water 
retention ability because the chlorine ions, of the salt mask the positive 
charges of the amino acids chains, which in turn causes an increase in the 
negative charges. Thus, the electrostatic repulsion is increased, the mass 
relaxes, and the retention of water is facilitated. The concentration of salt 
for which the water retention is maximum is about 5% in a meat and brine 
mixture. However, this concentration is often incompatible with consumer 
taste preferences. Nitrite salts are often used to obtain the desired color 
after thermal processing. 

As stated earlier, polyphosphates can be used to augment the water 
retention capacity of meat. Usually, a mixture of pyrophosphates and very 
long-chain polyphosphates is used. While the pyrophosphates are more 
effective in increasing water retention, they hydrolyze very rapidly and 
become ineffective. To offset this, the less effective tri- or tetraphosphates, 
which hydrolyze less rapidly, are added. The activity of these phosphate 
compounds on the water retention of meats was discussed earlier. 
Dissolving the polyphosphates in the brine can be a delicate and at times a 
difficult operation. For this reason, it is usually added to the water with 
agitation prior the addition of the salt. The brine should be made with cold 
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(<10°C) water and kept cold to maintain the stability of any added 
polyphosphates. 

Various techniques are used to incorporate the brine into the meat. 
When meat is immersed in a brine, fluids containing water, amino acids, 
soluble globulins, hemoglobin, myoglobin, mineral salts, and vitamins are 
leached from the meat into the brine. This process is gradually reversed and 
the saline mixture penetrates into the meat. This is a relatively slow process 
that can take several days. The brining time is a function of the salt level 
that is desired in the meat and the size of the meat particles. The 
temperature of the meat, the composition of the brine, and the meat-to- 
brine ratio are the parameters that permit control of the efficacy of the 
brining. This technique is used primarily for pork breasts. 

To accelerate the brine penetration and reduce the immersion time, the 
brine may be injected under pressure into the meat by a multineedle system. 
Another method to reduce immersion time and accelerate penetration is 
called churning and involves mixing a prescribed proportion of meat and 
brine in a churn (rotary mixer). The mixing is continued until the 
absorption of the brine is complete. The meat and brine mixture should be 
kept at a temperature not above 7°C. For this purpose, it is recommended 
that the churning be carried out in rooms maintained between 4 and 8°C. 
The churning time is determined by the rate at which the brine penetrates 
into the meat, which in turn is dependent upon the type of meat. For 
example, poultry absorbs brine more easily and rapidly than the other meats. 
As each type of meat varies with respect to its ability both to take up the 
brine and to retain it during thermal processing, the ratio of brine to meat 
must be established for each type. The brine levels may vary from 15 to 
30%. The churning rotational speed affects the penetration rate and the 
amount of protein extracted. Rotation rates between 3 and 15 rpm are used 
in accordance with the type of meat. The higher speeds can cause 
significant cellular breakdown and increased meat temperature. Churning 
under a continuous vacuum or alternating between vacuum and an nitrogen 
overpressure can produce further increased rates of penetration. 

Upon completion of the brining, the meat should kept in cold rooms to 
permit equilibration of the salt and phosphates throughout the meat mass 
and act on the protein extraction. Maturation times between 12 and 48 
hours are common. Longer times may result in microbial growth problems 
and resultant acidification (i.e., souring). 

The brined and mature meat is generally subjected to some form of size 
reduction. The techniques used depend upon the desired form of the end 
product (i.e., flakes, cubes, etc.) and the weight. 

Particle integrity is also a factor. For example, if the cubed meat is 
composed of portions from two different muscles, then operations like 
churning can lead to a dissociation of the two fractions, and the particle 
integrity is compromised. 
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The origin of curing most probably lies in the preservation of meat by 
brining or salting. As knowledge progressed, saltpeter (nitrate) and sugar 
were found to provide additional benefits in the curing of meats. Spices, 
condiments, and other ingredients were added to supplement the 
performance of the cure and flavor of the final product. In the nineteenth 
century, it was observed that nitrite accumulated in meat during the curing 
process and in the curing brines that contained nitrate. It was later 
established that the nitrite was the result of the bacterial reduction of the 
nitrate and that it is the nitrite that is responsible for the formation of the 
thermally stable pink-colored pigment in cured meats. Thereafter, nitrite, 
alone or in combination with nitrate, was used for curing. 

The nitrite ion, formed by dissociation of a nitrite salt in solution, is 
very reactive and can be an oxidizing or reducing agent, depending upon the 
conditions. When introduced into a meat, the nitrite ion, or, more properly 
nitrous acid, can act in many ways. For example, there is the Van Slyke 
reaction in which gaseous nitrogen is liberated from a-amino acids. This 
type of reaction may account for some of the depletion of nitrite in meat 
during curing. Nitrous acid can also react with monophenols, like tyrosine, 
to produce a monoacid disubstituted nitro compound. Other reactions 
probably occur in meat and account, in part, for the partial destruction of 
the added nitrite during curing. However, it is the reaction of nitric oxide 
with the heme pigments in meat that is the primary goal of curing. 

In slightly acid medium, such as is found in meat, nitrous acid can 
decompose to form nitric acid, nitric oxide, and water. The reaction is 
reversible and may be the sum of at least two reactions in which dinitrogen 
tetroxide is an intermediate. In the presence of oxygen, the nitric oxide 
formed in solution may be oxidized to nitrogen dioxide and in turn, to 
nitrous and nitric acids. While it is doubtful that there is sufficient dissolved 
oxygen present in meat for significant oxidation of nitric oxide in curing 
brines stored for any length of time, the oxidation reaction can be 
significant. The nitric oxide is directly involved in the color fixation of 
myoglobin. 

Nitric oxide forms complexes with porphyrin-containing compounds such 
as catalase, peroxidases, cytochrome oxidase, hemoglobin, and myoglobin. 
In its reaction with myoglobin, it replaces the water attached to the heme 
fraction. This does not take place directly as other intermediary reactions 
are involved. Shortly after slaughter, virtually all the respiratory activity of 
the muscle tissue ceases due to the deficiency of oxygen. However, as the 
fermentation and respiratory enzymes remain active, the tissues are kept in 
a reducing state. When a curing mixture is pumped into solid meat, little, 
if any, oxygen is incorporated and most of the myoglobin is oxidized to 
met myoglobin by the nitrite. The metmyoglobin must then be reduced 
before the cured meat pigment can be formed. In the case of comminuted 
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meats, the pigment is largely oxygenated to oxymyoglobin at the time the 
curing salts are added and mixed. The myoglobin is initially oxidized to 
metmyoglobin, which must then be reduced and combined with nitric oxide 
to yield the final desired pigment. However, even this is an 
oversimplification, as there are other pathways the heme pigment can follow. 
Regardless of the pathway, the ultimate desired pigment in most heat- 
processed cured meats is nitrosyl hemochrome with the denatured globin 
fraction probably detached from the heme pigment. 

Curing mixtures may be prepared as needed from a stock of the basic 
ingredients or purchased as proprietary mixtures. The preparation and 
addition of curing mixtures must be carefully controlled and should only be 
done under the supervision of a competent individual. An excess of nitrite 
will result in the oxidation of the cured pigment, a condition referred to as 
nitrite burn. The level of nitrite required to produce bum is largely 
dependent upon the pH of the product, nitrite being more reactive in the 
acid pH range and can occur more readily in fermented cured sausage than 
in the more common nonfermented meat products. 

Various countries have reduced the amounts of sodium nitrate and/or 
nitrite that can be added to meats. Along with the consumers desire for 
products that have reduced salt levels, this has led to thermal processing 
problems. Sucrose and glucose are usually the sugars used; however, others 
may be utilized. Their sweetening reduces the harshness of the salt. 

Various adjuncts are being used in addition to the primary curing 
ingredients. Ascorbic acid and its derivatives are particularly beneficial in 
improving and maintaining the color of cured pork products when a 
minimum time schedule for processing is desired. When added to emulsion 
type products (e.g., luncheon meats), they can be thermally processed almost 
immediately, and a uniform color can be attained. In the absence of 
ascorbic acid and its derivatives, thermal processing must be delayed until 
the curing process is complete. Alkaline polyphosphates are also commonly 
added to the cure mixture. As discussed earlier, the polyphosphates 
decrease shrinkage during thermal processing due to their augmentation of 
the water retention. The levels at which these compounds can be used are 
legislated in most countries. 

For primal cuts (i.e., large pieces) the curing rate depends upon the rate 
of diffusion, which is in turn dependent upon the method of application, the 
size of the cut, the amount of fat covering, and the temperature. Advances 
in the practices have permitted reduced curing times, more uniform quality, 
decreased risk of microbial spoilage, and greater economy, especially for the 
primal cuts. External application of the curing salts has the slowest rate; 
however, with the exception of special products or small processors, this 
method is rapidly being phased out. Increasing the temperature will 
significantly decrease the curing time for externally applied curing salts; 
however, it also increases the risk of bacterial spoilage. Internal injection of 



PREPARATION OF MEAT 
AND MEAT PRODUCTS 


259 


the curing agents gives a more rapid distribution of the cure throughout the 
tissues. For the large primal cuts in which the vascular system remains 
intact, pumping the cure solution via the arteries is very successful and is 
employed by most processors. For those cuts that cannot be artery pumped, 
stitch pumping, which involves the introduction of the brine into various 
parts of the tissue by multiple needle injections, is used. 

In some instances a combination of methods may be used to obtain a 
more rapid and uniform cure. For example, a ham can be artery pumped, 
as well as stitch pumped under the fat cushion, and then either immersed in 
a cover pickle or diy rubbed with the curing salts. They are usually pumped 
to 110% of their fresh weight. Higher percentages can be used if permitted, 
and when polyphosphates are included in the curing mixture. The cure 
solution for pumping of hams is usually prepared from a 55-80° salimeter 
brine to which sugar, sodium nitrate, and nitrite are added at a level of 
3-6%, 0.18%, and 0.12%, respectively. The pumped hams may be stacked 
and immersed in a cover pickle or dry rubbed for the duration of the curing 
period. Cover pickles are usually made from a lower salimeter brine 
(55-65°) to encourage uptake of water during the cure. Sugar is reduced or 
omitted from the cover pickle, as are the sodium nitrite and nitrate. After 
curing the hams are defatted and boned prior to being placed in the cans for 
thermal processing. The hams can also be boned and defatted first and then 
stitch pumped followed by immersion in a cover pickle until the curing is 
complete. For comminuted products, such as luncheon meats, sausages, 
flaked beef, or ham, corned beef, and the like, the curing mixture is 
incorporated during the preparation of the emulsion. The curing is 
completed during the thermal processing. 

7.3.1.5 Precooking 

For some products, the meat particles are precooked prior to their 
incorporation into the product to be canned. The object is to modify the 
particle surfaces to prevent sticking and clumping and to provide additional 
flavor and appearance. Precooking is also carried out to facilitate the size 
reduction (e.g., slicing or cubing) of some meats and cuts of meats. 

7.4 RAW MATERIAL REQUIREMENTS AND PREPARATION OF 

SPECIFIC PRODUCTS 

Canned products in which the meat is the primary ingredient require raw 
materials that have specific attributes and employ specific preparatory 
methods. The foremost examples of such products are the pates and 
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luncheon meats. The unit operations involved also illustrate the manner in 
which they have been adapted to suit the raw product and to produce the 
required end product. 

7.4.1 Pate 

A true pate is a product derived from the fatty livers from force-fed ducks 
or geese that has a long history dating back to around 2500 B.C. It was not 
until the end of the eighteenth century, however, that products based on the 
fatty livers, the foie gras, from force-fed geese made their appearance. Foie 
gras canned in tinplate containers first appeared in 1840-1850. 

The liver is a complex organ that has multiple functions with respect to 
the metabolism of sugars, lipids, and proteins. It is the prime site for the 
conversion of glycogen to glucose, the transformation of proteins to glucose, 
the inactivation of certain hormones, and storage of vitamin B 12 . Lipids 
from ingested foods as well as internally synthesized triglycerides and 
cholesterol are deposited in the liver. These lipids are depleted by the 
metabolism of the triglycerides and by synthesis of phospholipids that, with 
choline, produce lipoproteins. 

There are two theories at the present time that concern the role of force 
feeding in deposition of lipids in the liver (Pe, 1987). One theory is that 
when the peripheral tissues become saturated with lipids, any excess is 
deposited in the liver. It is this accumulation of the lipids in the liver that 
cannot be totally utilized that produces a fatty liver (foie gras). When the 
force-fed animals are too physically active, or the forced feeding is stopped, 
the liver burns off this excess of lipids and returns to a normal size. The 
other theory hypothesizes that the fat deposition in the liver is related to the 
kinds of fats in the feed (e.g., corn). As com is deficient in choline, one 
avenue for the depletion of lipids stored in the liver is minimized, which 
results in an increased accumulation and a fatty liver. If the force feeding 
is stopped, then there is a progressive elimination of the excess lipids. 

The lipid deposition is seen histologically by formation of small lipid 
vacuoles in the hepatic cell that continue to increase in size and ultimately 
lead to the rupture of the hepatic cellular membranes. However, the forced 
feeding and the resultant storage of excess lipids in the liver is not a 
pathological state of the animal; rather, it is an inherent aptitude to store 
lipid reserves for use during the great migrations of these animals. This is 
not cirrhosis of the liver (which can be irreversible); rather, it is a reversible 
fatty state of the liver. 

Livers from birds that have not been force fed have weights on the 
order of 100-180 g for geese and 50-120 g for ducks, whereas those in force- 

fed animals can attain weights of 350-1500 g and 250-700 g, respectively. 
There is generally little variation in the liver proteins during forced feeding. 
The greatest modification is an inversion in the lipid and water content. The 




PREPARATION OF MEAT 
AND MEAT PRODUCTS 


261 


lipid component is composed of phospholipids (4.5%), triglycerides (93.1%), 
free and esterified cholesterol (2.4%), and a strong proportion of 
phosphatidylcholine (54%) in the triglyceride fraction (Blum et al., 1967). 

The forced feeding produces a liver product, the foie gras, that has 
acquired its reputed creamy texture and distinctive flavor. It can be eaten 
raw or cooked by a variety of techniques. It can even be preserved by 
thermal processes such as pasteurization or the more severe commercial 
sterilization (i.e., microbiological stabilization). It is a very fragile product 
and has a tendency to melt (i.e., to exude a portion of its fat). This is 
considerably more evident in those livers that have been fatted to the point 
of the destruction of the cellular membranes. Although the professional 
standards concerning the processing of foie gras permit a percentage of free 
fat, the presence of a significant layer of fat depreciates the product because 
the consumer does not wish to pay for fat at the price of foie gras. 

At the present time, France is the premier producer of foie gras in the 
world. It is also traditionally produced in Hungary, Poland, Bulgaria, and 
Israel. There has been increasing evidence of production of the fatty 
palmipeds starting in other countries [e.g., southeast Asia (Taiwan, China), 
United States, Canada, Spain, Germany, Belgium, Mexico, Chili, Argentina, 
Tunisia, and Madagascar]. 

Much, if not all, of the knowledge concerning the production and 
processing of foie gras comes from France, where there has been a 
concerted effort to organize and coordinate research and development. The 
processing quality is only one attribute of the total quality of foie gras. 
Other important attributes are bacteriological (i.e., surface and internal), 
organoleptic, and structural (Surot, 1987). The nature of the product is such 
that it is exceedingly difficult for it to be pasteurized or sterilized and still 
produce a product that preserves the organoleptic characteristics that have 
made it the pinnacle of the French poultry products. 

7.4.1.1 Quality Criteria 

The raw foie gras should have no evidence of sclerosis, parasitosis, necrosis, 
or internal or external microbial spoilage. There should be adequate fat 
deposition, which is usually determined by the weight. It should be free of 
spots, smears, ecchymosis, hemorragic deposits, and so on. The color should 
be uniform, varying from yellow to rose, depending upon the feed. The 
texture should be creamy and the grain fine and uniform. The degree to 
which melting will occur is an aspect that must be taken into consideration 
when determining the manner in which it can be processed (Esteve and 
Rousselot-Pailley, 1987; Auvergne and Babile, 1986). 

While there are various indirect methods for the evaluation of the 
melting attribute (e.g., electrical impedance; qualimeter developed by GIE 



262 


FOOD CANNING TECHNOLOGY 


France Foie Gras) (Salladarre, 1978; Bartel, 1984) and histological 
examination, the direct method in which samples are thermally processed is 
the most practical and easiest to interpret. This can be carried out in tubes, 
jars, TDT cans, or special frames with the heat penetration followed by the 
insertion of thermocouples placed at the geometric center to ensure that the 
appropriate time/temperature sequence is attained. The amount of lipid 
material freed during the thermal process is used to determine the lipid 
retention capacity (LRC), which serves to distinguish between those livers 
that have the same fat content but give a different heating melt. An 
elevated LRC gains the interest of the producers, processors, and the users. 

The technology for the production of canned pates is not different from 
that of fresh pates. Of course, livers other than the foie gras are used to 
create what is best called liver pastes, which are also canned. There are two 
basic categories: fine and coarse. 

For the fine texture pates a fine emulsion is produced by comminution 
in a cutter followed by passage through a colloidal mill. The comminution 
fragments and liberates the tissue lipids and proteins, and the colloidal mill 
further reduces the particle size and induces the cohesion between the 
proteins, lipids, and water. In the coarse structure pates, an emulsion or 
more liquid component is formed that serves to hold the different particles 
together to form the coarse grain. 

The grinding and milling operations generate considerable heat that will 
significantly increase the temperature of the product if unopposed, which can 
in turn result in increased microbial levels. Care should be taken to 
minimize any increase in the temperature during this phase. The 
substitution of ice for water, if it is used in the formulation and/or carrying 
out the operation in refrigerated rooms, is advised to counter the heat 
produced. 

The comminuting and milling operations can incorporate considerable 
quantities of air into the emulsions, which can coalesce when exposed to the 
temperatures used in canning, creating voids in the mass. This can cause 
increased expansion of the product, which may in turn distort the ends of the 
cans. Aside from the fact that such voids are not appreciated by the 
consumer, the air can adversely affect the product's color and flavor, and 
even accelerate the corrosion of the can interior. Therefore, efforts are 
usually made to deaerate the emulsion prior to the filling operation. 
Equipment is available that permits the comminuting and milling operations 
to be carried out under vacuum to minimize the incorporation of air. 

In addition to the liver, other ingredients such as salt, spices, and other 
condiments are frequently added. Curing salt, nitrite, is added so that in 
combination with the salt less severe thermal processes can be used to attain 
commercial sterility (i.e., microbial stability) that will have a less adverse 
effect on the melting. 

Volumetric piston-type fillers can be used as the product, whether 
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coarse or fine, can be pumped. As there is a tendency for these products to 
shrink during thermal processing, the containers are usually filled to the 
brim, giving no headspace. In some instances in which the shrinkage is 
minimal, the covers may give the impression of being swollen. 

7.4.2 Canned Luncheon Meats 

These are formulated with varying proportions of pork and beef cuts and 
trimmings. The meat must be thoroughly chilled prior to being finely 
ground through a 0.64-0.32-cm (1/4-1/8-in.) plate or through a rotary cutter. 
Salt, sodium nitrite, sugar, and spices are added and thoroughly mixed into 
the ground meat. The salt level should be 1.5 kg/50 g (3 lb/100 lb) of meat 
and sodium nitrite at 7.7 g/50 kg (1/4 oz/100 lb). The trend has been to use 
lower salt and nitrite levels. To counter any heat generated by the mixing 
operation, dry ice may be added to maintain the mixture temperature below 
-2°C (28°F). Some products are more thoroughly ground to the consistency 
of a thick paste or emulsion similar to that found in the production of 
frankfurters or fine pates. The mix is then transferred to automatic piston- 
type fillers and packed into the appropriate cans. Product temperature 
should again be maintained below 0°C (32°F). The typical 12-oz oblong 
cans may be coated with a special liner that contains a releasing agent to 
facilitate removal of the product from the can after opening. These products 
are traditionally given a thermal process that has a sterilization value below 
the usual minimum of 3 for low acid products. With reduced salt and nitrite 
levels, however, the processes have had to be raised and are more in keeping 
with that for other low-acid products. 
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PREPARATION OF FISH AND 
SHELLFISH FOR CANNING 


8.1 INTRODUCTION 

Like the products discussed in the previous chapters, the preparatory 
operations for fish and fish products depend upon the nature of the raw 
product and the form the final product will take in the container. The 
various operations at all stages in the processing that be adapted to the fish, 
and not the other way around. 

8.2 RAW MATERIAL QUALITY 

Fish and seafood for canning are products harvested wild (i.e., they are not 
specifically cultivated). Therefore, aside from the potential offered by 
aquaculture, which so far only supplies the more lucrative fresh market, they 
cannot be adapted specifically for canning by breeding, genetic selection, 
and/or manipulation, control of growing/rearing environment, and as is done 
in the case of fruit and vegetables, and in some instances meat. One must 
take what the seas have to offer. Seasonal variations are added to the 
considerable differences in the canning quality of the various species. 

Seasonal variation is seen in species like sardines, mackerel, anchovies, 
or white tuna, which are fatter and have a smoother, softer texture during 
a few months of the year. At other times, the fat content is considerably 
lower, which gives the flesh a dry texture not suitable for canning a quality 
product. The toxicological hazards, such as paralytic shellfish poisoning 
(PSP) and diarrhoeic shellfish poisoning (DSP) in mussels, oysters, and so 
on, are seasonal. There are products, such as mackerel eggs, fresh fatty 
monkfish liver, and tuna filets taken from around the abdomen or belly part 
of the body in fine greasy muscular strips, that are specifically seasonal and 
have limited markets. 

The morphological or physiological characteristics of the various species 
strongly influence their use in canning. White fish (i.e., cod, pollack, 
haddock, etc.) embraces a group of species characterized by lean flesh whose 
muscle composition shows little seasonal or other variation. Their flesh is 
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particularly suited for use in product mixtures (i.e., stews, soups, etc.) and 
in complex culinary recipes with the assurance that a canned product will 
have stable and predictable organoleptic characteristics. Large-headed 
species (i.e., monkfish, john dory, etc.) or those that have an elevated 
proportion of heavily vascularized red muscle are not particularly suited for 
canning. Other species make filleting difficult and expensive due to the 
presence of scutellum, lateral lines with thorny shields along the sides (i.e., 
horse mackerel),. 
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Figure 8.1. Breakdown of ATP and glucogen in cod muscle stored at 0°C (Piclet, 
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Some fish and marine products cannot be used for canning at all, or 
only at specified times and conditions; these are generally subject to 
regulatory control. The prohibition and/or restriction can apply to one or 
groups of species. For example, dogfish cannot be used in canning due to 
their high muscle urea levels (1.5-2.0%, 100-1000 times that in other 
species); nor can the pomfret or tern be used due to parasite infestation. In 
the canning of tuna only the genus Thunnus can be packed raw into the 
container (i.e., without precooking). 

To produce a quality canned product, fish and shellfish must have all 
the characteristics of fresh product. From the time they are removed from 
the water, morphological, biochemical, and physiological changes take place 
that adversely affect the canning quality, especially at nonrefrigerated 
temperatures. To minimize these adverse effects, they should be packed in 
ice or refrigerated to 0°C (32°F) as soon as possible. Even when sufficiently 
and rapidly chilled, the changes soon become evident; they are followed in 
a matter of days by evidence of bacterial spoilage. Therefore, in addition to 
immediate and adequate chilling, strict adherence to hygienic practices is 
required because spoilage is only retarded under refrigeration. 

The various biochemical changes have a significant effect on the canning 
quality. Muscle glycogen is metabolized to glucose and/or lactic acid (Fig. 
8.1). Accumulation of lactic acid lowers the pH, which causes a decreased 
water retention capacity of the proteins and the appearance of fissures in the 
muscles (gaping), followed by a reduced resistance of the connective tissue. 
In a series of dephosphorylations and deaminations, adenosine triphosphate 
(ATP) is broken down into adenosine diphosphate (ADP), adenosine 
monophosphate (AMP), inosine monophosphate (IMP), and, subsequently 
in extreme states, into inosine (Ino), hypoxanthine (Hx), and ribose (Fig. 
8 . 1 ). 

The hypoxanthine levels have been proposed by some as a measure of 
freshness. Unfortunately, as attractive as this approach may be, the 
formation kinetics varies with the species (Fig. 8.2). Thus, it can be difficult 
and even dangerous to set a single threshold value indicative of freshness 
that would be applicable to all fish despite the thermostable behavior of 
hypoxanthine during sterilization (Fig. 8.3). Others have proposed using the 
percentage of inosine and hypoxanthine with respect to all the compounds 
linked to ATP and expressed as a coefficient K\ however, a similar 
precaution to that given earlier is applicable here (Fig. 8.4). While these 
tests can contribute to an appreciation of freshness, they are not decisive. 

The breakdown of the proteins, urea, trimethylamine oxide (TMAO), 
and free amino acids, gives rise to ammonia (NH^), trimethylamine (TMA), 
low-molecular-weight fatty acids (i.e., butyric, propionic, acetic, etc.), and, in 
certain circumstances, to malodorous products like hydrogen sulfide (H 2 S), 
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Taupe de mer •-•Scorpion fish 

Mackerel 



Figure 8.2. Formation of hypoxanthine in fish stored under ice (Piclet, 1991). 


methyl mercaptan (CH^SH), dimethyl sulfide [(CHj^S], and eventually 


toxic amines (i.e., tyramine, tryptamine, histamine, etc.). The presence and 
levels of these breakdown products are also used to assess the state of 


freshness of fish. 



Figure 8.3. Influence of canning process on hypoxanthine levels in sardines (Piclet, 
1991). 
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The concentration of TMA from the bacterial reduction of TMAO (Fig. 
8.5) and the total basic volatile nitrogen (TBVN) are notable. As increases 
in the TBVN levels vary considerably in canned fish and are affected by the 
can size as well as the time and temperature, it should not be used as the 
sole indicator of freshness. However, both TBVN and TMA are indicators 
but should always be confirmed by direct organoleptic examination. Changes 
in the pH, the oxidoreduction potential (Eh) (Fig. 8.5), the water retention 
capacity (WRC), and the texture and dielectric resistance of the flesh are 
also used to evaluate freshness. The thiobarbituric acid and peroxide indices 
are also used, but there is little correlation with sensory evaluation. 

The freshness or the degree of spoilage can be evaluated 
organoleptically for both fresh and frozen products. The organoleptic 
quality embraces an assembly of sensory impressions (i.e., visual, olfactory, 
and taste) that a product provides when it is eaten. Spoilage is the net result 
of biochemical, chemical, and physical changes. There is a correlation 
between the freshness of fish, its appearance, and its organoleptic properties. 
This is only valid for fresh or fresh frozen fish. 

The French regulatory agencies use a grading system for evaluating of 
the degree of spoilage in fresh fish that was established by the Institut 
Scientifique et Technique des Peches Maritimes (ISTPM), which has become 
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Figure 8.5. Changes in the TMA and OTMA levels in vacuum-packed cod stored 
at 0 and 23°C (Piclet, 1991). 

the Institut Fran^ais de la Recherche et de TExploitation de la Mer 
(IFREMER). In this system 13 attributes (i.e., skin pigmentation, mucous 
appearance, etc.) are evaluated in succession. Eleven pertain to the raw fish, 
and two to a standard cook. Each attribute can be assigned a score from 0 
to 6 (scores increase with increasing spoilage). The spoilage index is 
obtained by calculating the arithmetic average score. The number of 
attributes evaluated varies as to whether the fish is whole, eviscerated, 
beheaded and eviscerated, and washed or not (with or without mucous). 

At the European level, a similar grading system (Table 8.1) was 
published in 1970 (regulation No. 2455/70 of the Council of November 
20,1970). In this, 10 characteristics are examined in succession, all in the 
raw state. Each one of these can be scored from 3 to 0 (decreasing as 
freshness decreases). The freshness index is obtained from the average of 
the scores. 



Table 8.1. Grading Scale-EU No. 2455/70 


PREPARATION OF FISH AND 
SHELLFISH FOR CANNING 


3 

■o 

§t 

'§ S 

c g 

68 

00 3 

c s 




p 6 « 

£ oo 


> CTJ oo -5 2 

§ 1 -s.! | 

3§l £1 


<u 

3 

| 

a 

O 


§.2 
° I 

a> T3 

e X 
•a X 

as 


<U «-* 

i g 

C/1 O 


r§T§ 3 
o o S 

C3 "S ^ 

:r& c 
<S E § 


c? 

'5 


,<3 V 
3 

§ 

I O 

c s« 

1 8 
00 3 

£ 6 


ff 

a 3 

— o 


3 O 
X) >N 


u, <s> 
■° Cfl 

! § 
2 1 

*> i_r 

6 « 
OO on 

£ 5 


o a> 

’g.o' 

0* cd 


g-cd -fj* 

°a ^ 


ca o 
<u — 

go. 


“5 -Ss 


V ra 
•3 O- 
vO- 

£ ^ 


M 3 9 

.. c/l _2 

gSf 

C go, 

6 8 a. 


1 8 
U 3 


E 8 o.Se 


O 

•Sa 

U A 

O & 

85 

c/i XI 

M 


oo 

* ^"4 

ft 


g’g 

3 IS 

2't 

*6 
e/i ^ 


c/: 

Ss 

>8 


S’S 

5 u 

o *o 
o a. 


8 * 

e ® 
•§& 
as 


-o 
<S £ 

■5 8 

O 4> 

*S S 

8 ? 
3 .2 

.’2* £> 

c/i 

4> 73 
U «u 

73 *“ 

§ 3 

g.« 

J§ 

TO 00 

3 S 


if 

3 4> 

73 > 

O ^ 

H.* 


n 3 

o M 

c/i 


>^.tS 


~.2-d ~ 3 


73 XT 

1 3 
-■5 

'5? 

§ S 

• 

3 e 

c « 

« 3 

6 $ 
oh 73 

£ !5 


h >iv c S 

. iSw 
£ .5 «3‘C 

b 

* eg ^ 

I §si 

1 csl I 


.2Pg 

£8 

o i 


^ * •» i 

Sir 


•5 

O o 


° o 

£ * 
3 « 
73 •£= 

*3 

a> xj 

u C 


CQ-S c 


& 

<D 

C 

73 

a 


16*2 


00 *-» 
it 

u t_ 
O X 


S3 j3 

si 

CQ 73 


*> 

W 


<U w 

E g 


Ss 
> 8 


cd 

op 

o 



272 


FOOD CANNING TECHNOLOGY 


Table 8.2. Comparison of the Degree of Freshness and the Spoilage Index 

with Respect to the Selling Quality of Fish 


Freshness Categories EU 

Corresponding closest 
Spoilage Index 
(ISTPM) 

Designation 

Degrees of Freshness 

Extra 

Equal to or greater than 

/ 

Equal to or less than 1.3 


(±0.1) 

A 

Equal to or greater than 

Equal to or less than 2.0 


2.0 and less than 2.7 

Equal to or greater than 

1.0 and less than 2.0 

(±0.1) and greater than 

1.3 (±0.1) 

B 

Equal to or less than 3.0 
(±0.2) and greater than 


Less than 1.0 "Fish not 
complying with the 

2.0 (±0.1) 

C 

requirements for 

Greater than 3.0 (±0.2) 

withdraw from sale for 
human consumption 

categories extra. A, or B" 


There is no fundamental difference between the two methods as both 
are based on an evaluation of the organoleptic characteristics of spoilage. 
The French consider all fresh or refrigerated fish whose spoilage index 
exceeds 3.0 as unfit for human consumption. At the shipping points (e.g., 
fish markets, wholesale fish shops in the fishing ports, and, should the 
occasion arise, in certain wholesalers) fish for the fresh market should not 
be sold for human consumption if the index exceeds 2.8. At the points of 
sale close to the areas of consumption (i.e., retail outlets) the fish will be 
withdrawn from sale for human consumption when the index exceeds 3.0. 
In the European Union (EU) evaluation the state of the fish is expressed in 
degrees of freshness (i.e., the higher the numerical index, the fresher the 
product), whereas the ISTPM method gives a spoilage index (i.e., the higher 
the numerical index, the more spoiled the product). There is a correlation 
between the spoilage index and the degree of freshness (Table 8.2). 

The evaluation of frozen fish quality, especially if it is to be used in a 
canned product, is somewhat different from that used for fresh fish. It must 
first be thawed, and because it will be thermally processed, it must be 
evaluated after cooking. An evaluation method for frozen fish is given in 
Table 8.3. The system can be applied to whole and beheaded fish, 
eviscerated or not. 

A representative sample is taken from the lot and examined. Penalty 
points for each of the quality characteristics provided in the Table 8.3 are 
assigned. The point total will determine the quality category of the lot 
examined according to the following scale: 

• category A: < 10 points 

• category B: from 11 to 24 points 

• withdraw from sale: > 25 points. 
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Table 8.3. Grading of Frozen Fish for Industrial Use: Examine Frozen 

After Thawing, and After Cooking 

State Factor 

Description 

Penalty Points 

Frozen Desiccation 

Absent 

0 


Slight 

2 


Average 

5 


Strong 

10 maximum 

Thawed Color Change 

Absent 

0 

Slight 

2 


Average 

5 


Strong 

10 maximum 

Lack of cohesion 

a. Pelagic species 



absent 

0 


present 

b. Coastal species 

2 maximum 


absent 

0 


slight 

2 


average 

4 


strong 

8 maximum 

Abdominal wall 

a. Pelagic species 


deterioration 

absent 

0 


slight 

2 


average 

4 


strong 

b. Coastal species 

8 maximum 


absent 

0 


present 

2 maximum 

Odor 

Good 

0 


Average 

10 


Bad 

25 

Cooked Odor 

Good 

0 


Average 

4 


Bad 

10 maximum 

Flavor 

Good 

0 


Average 

7 


Bad 

15 maximum 

Texture 

Good 

0 


Average 

4 


Bad 

10 maximum 


Interpolation between the values given in the table is permitted. 

The sample will first be examined in the frozen state, then after thawing. 
If the number of accumulated penalty points to this stage leads to rejection, 
then the examination will be stopped at this stage; if not, then the 
examination is to be continued. If the presence of foreign odors or materials 
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is observed in the sample, the lot should automatically be rejected. 

The frozen fish should be carefully examined for any evidence of 
desiccation. Desiccation, if found, can be rated as follows: 

• none; 

• slight: very weak, not masking the color of the product and affecting only 
a small portion of the total surface; 

• average: slightly more profound, easily eliminated by scraping with the 
finger nail, or slight 

• strong: extensive desiccation extended to most of the surface, or moderate 
desiccation covering the entire surface. 

The sample should be thawed using the same procedure that is used in 
production and then examined as detailed in Table 8.3. Color changes can 
be rated under two headings. One is a yellowing that is due to fat oxidation. 
The other is a loss of the overall appearance that is normally present on fish 
well preserved under ice. The changes to the color and overall appearance 
are rated as follows: 

• none; 

• slight: just perceptible modification affecting less than half of the total 
surface; 

• average: notable modification affecting less than half of the total surface 
or lightly extended to the entire surface; 

• strong: very evident; abnormal coloring that affects most of the surface or 
evident and affecting all of the surface; 

Any deterioration of the abdominal wall should be given the following 
ratings: 

• slight: small perforations affecting a small proportion of sample units; 

• average: perforations large enough to allow the viscera to be seen and 
affecting up to 10% of the sample units; 

• strong: perforations through which the viscera can be seen and affecting 
50% or more of the sample units. 

There is a difference between the pelagic fish (deep sea) and the coastal 
fish when examining for any lack of cohesion of the muscle fascia and 
rupture. Pelagic fish are specially affected by the ruptures of the abdominal 
wall; coastal fish by the separation of the muscle fascia (bundles of muscle 
fibers) (observed on fileted fish). Therefore, the largest penalty should be 
attributed to the defect that most represents the spoilage of each one of 
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these two categories. Lack of cohesion of the muscle fascia (after fileting) 
can be: 

• slight: some fissures in the flesh that do not appreciably affect the 
appearance; 

• moderate: fissures that extend to about one-half of the depth of the filet 
and reduce its cohesion; 

• strong: fissures extending throughout the entire thickness of the filet that 
can lead to its disintegration. 

The thawed fish odor can be described as: 

• good: fresh odor, characteristic of the species, but cannot be weaker than 
that of the very fresh fish kept under ice; 

• average: loss of the characteristic fresh odor, but spoilage odors are 
absent, slight "chilled meat" odor and/or fat rancidity; 

• bad: spoilage odors, very evident "chilled meat" odor and fat rancidity. 

The method used for cooking the fish for the final phase in the 
examination should approximate that used in production. The definition for 
the defects of color and flavor are the same as for the odor in the fresh 
state. The texture can be: 

• good; normal, characteristic of the species after rapid freezing and 
thawing; 

• average: moderately firm, dry, fibrous, or mealy; 

• bad: completely hard, dry, fibrous, or mealy. 

Bacteria are absent in living fish flesh. During the subsequent handling 
and preparatory operations, however, the flesh can become contaminated by 
bacteria native to fish and by other bacteria emanating from the 
environment. Those present on the skin, mucous, gills, and in the viscera do 
not penetrate the flesh while the fish is alive. Upon death, contamination 
of the edible flesh can take place rapidly. This invasion by those bacteria 
that are normally found on the fish surface and in its viscera can be 
minimized by copious washing and, in some cases, by evisceration followed 
by washing to remove residues of the viscera, which are excellent media for 
the growth of microorganisms. To minimize environmental microbial 
contamination, all equipment (e.g., tables, knives, etc.) that is used in the 
preparation of fish and seafoods should be cleaned and disinfected both 
prior to use and periodically during use. Personnel hygiene is also a critical 
factor and should be closely supervised. 


Table 8.4. Microbiological Criteria for Fish Products. 

Aerobic 
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Mesophylic aerobic colony counts, E. coli and fecal streptococci, are 
used to estimate overall contamination and evaluate the hygienic state at 
various stages in the preparation and processing. Elevated levels can be 
indicative of the presence of undesirable pathogens such as Staphylococcus 
aureus , Salmonella , Vibrio parhaemolyticus , and the like. 

Microbiological criteria for various fish products have been designated 
in France and are listed in Table 8.4. These should be used as guidelines 
only, as neither the sample size nor acceptance/rejection criteria are 
included. 

Due to an increase in the number of reported foodborne illnesses 
related to the consumption of cooked or canned fish, more and more 
attention is being directed to the detection of the heat-stable biogenetic 
amines and biotoxins of phytoplanktonic origins in the raw fish and seafood. 
The biogenetic amines, histamine, and various dipeptides, camosine, 
anserine, putrescine, and so on are the cause of intoxications that are 
manifested by the following symptoms: pruritus (itching), facial flushing, 
burning sensation, nausea, headaches, stomach cramps, and so on. 
Histamine, which is the only compound that has been the subject of 
extensive research, is produced by the activity of some microorganisms (e.g., 
Proteus morganii y Enterobacter aerogenes y Vibrio algino lytic us, Clostridium 
perfringensy etc.) in the enzymatic decarboxylation of histidine, an amino acid 
present in sufficient quantities in the flesh of certain fish (e.g., tuna). 
Preventive action lies in immediately chilling (icing) the fish and maintaining 
them in this state. Research on the influence of time and temperature on 
the production of histamine has permitted the establishment of a chart (Fig. 
8.6) to forecast the formation of histamine. Failure to take adequate 
preventive action and/or ensure that affected product is not processed can 
result in a serious health hazard to the consumer (i.e., scombroid poisoning), 
product recalls, and loss of consumer confidence. The serious economic 
consequences of these should be only too apparent. 

Regulatory levels have been suggested and even adopted in some 
countries. For example, the U.S. Food and Drug Administration will take 
regulatory action against canned albacore, skipjack, and yellow fin tuna with 
histamine levels of 20 mg or more per 100 g, and will consider regulatory 
action against any tuna found to contain between 10 and 20 mg per 100 g 
when a second indication of decomposition is present (FDA, 1982a). 
Furthermore, the FDA has established, on an interim basis, a level of 50 mg 
per 100 g of tuna as the level considered to be a health hazard (FDA, 

1982b). 

The biotoxins of phytoplanktonic origin can cause a variety of illness, 
such as paralytic shellfish poisoning (PSP), diarrhoeic shellfish poisoning 
(DSP), and domoic acid and amnesic shellfish poisoning (ASP). Shellfish 
can also be the cause of bacterial or viral intoxications but not as frequently 
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Time 

(hour) 

100 - 

70- 

60- 

50— 

40- 

30- 

20 - 

15- 

10 - 


5H 


Histamine 
(mg/100 g) 

1000 _ 
500 - 

100 - ^ 
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10 - 
5 - 
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0 . 1 - 
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■ 95 

32.2 

- 90 

29.4 

- 85 

26.7 

- 80 

23.9 

■ 75 

21.1 

- 70 


Example: Formation of 50 mg of 
histamine per 100 g flesh during the 
storage of Listao at 35°C for 18 hours 


1 J 

Figure 8.6. Production of histamine in Listao between 21 and 38°C (FAO, 1985). 


as those of phytoplanktonic origin. The symptoms of DSP are diarrhea, 
nausea, and abdominal upsets—manifestations that rarely last longer than 36 
hours. In the case of PSP, the symptoms observed are a tingling sensation, 
facial flushing, nausea, intense thirst, a general weakness, and, in extreme 
cases, respiratory paralysis and cardiovascular collapse. In the case of 
domoic acid—a known neurotoxin— the general symptom is gastroenteritis; 
however, older persons and others with underlying chronic illnesses can 
develop neurological symptoms including memory loss. Outbreaks of PSP, 
DSP, and ASP have resulted in controls being established in a number of 
countries. The controls are primarily directed to detection at the harvesting 
sites so that they may be closed to commercial harvesting and affected 
product will be prevented from appearing on the market. 

To avoid the rapid postmortem deterioration, lobster and crab as well 
as some molluscs (e.g., oysters, clams, and mussels) should be stored alive 
until they are processed. Although some can be kept in a dormant state for 
long periods if they are kept moist and thoroughly chilled, it is generally 
more convenient to use ponds or floating cages (live wells) for storage. It 
is important that the water in which shellfish are live-stored should be 
maintained at an appropriate temperature and oxygen level, and be free of 
harmful substances. Since molluscs frequently collect microorganisms from 
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overlying water and concentrate them in their digestive systems, it is 
important that the water in which they are stored be of good microbial 
quality. 

Shellfish that die or become weak or abnormal should be removed from 
the live store immediately when they are discovered to avoid the possibility 
of their tainting or otherwise harming the remaining stock. Dead, weak, or 
abnormal shellfish taken from live store should not be used for canning or 
other food purposes. They should be discarded immediately so that they do 
not spoil good shellfish and in order to avoid the risk of their being 
processed accidentally and irretrievably mixed with good-quality canned 
products. 

Some fish may be frozen in brine aboard the fishing vessel. Since it is 
not always practical to leach the salt out of fish, a high salt content in the 
raw material accepted for canning may result in an unacceptably high salt 
level in the final product. Excessive salt penetration may denature the flesh 
to the extent that it may not be suitable for canning. Assessment of salt 
content should be made at the time that fish frozen in this manner are 
received by the cannery. The penetration of the salt can be controlled to 
some extent by prechilling the fish prior to freezing, keeping the brine 
temperature as low as practical during the freezing operation, and removing 
the fish from the brine as soon as they are frozen. 

Fatty fish such as herring, mackerel, pilchard, sprat, or sardine are often 
taken harvested close to a cannery; icing aboard the vessel may be 
considered impractical or unnecessary under such conditions. If these fish 
are feeding, however, then the enzymes in their gut can cause very rapid 
postmortem deterioration. This will be enhanced if they are crushed and the 
digestive juices allowed to permeate the flesh. In such cases the 
practicability of using refrigerated sea water holds or boxing the fish on the 
vessel to avoid excessive pressure should be seriously considered. In any 
event the fish should be brought to the cannery quickly and processed 
without delay. 

8.3 Reception 

All fish and shellfish should be inspected upon reception at the cannery, 
before they are allowed to enter into the preparatory operations. Any raw 
products known to contain or suspected of containing harmful, decomposed, 
or extraneous substances that will not be removed to acceptable levels by 
normal procedures of sorting and/or preparation should be rejected and not 
used for canning. Diseased fish or shellfish should be discarded or, if 
feasible and permitted by the regulatory agency that has jurisdiction, 
salvaged by removal of the diseased portion. Only clean and sound fish or 
shellfish should be used because canning will not correct quality faults in 
fresh fish nor rancidity or denaturation in frozen fish. 
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Fish and seafood can be received at the cannery iced or frozen. It is 
important that the appropriate temperatures—0°C (32°F) for iced or 
refrigerated and -18°C (0°F) for frozen product— be maintained during 
transportation and storage prior to delivery to the cannery. Prior to 
unloading any consignment of fish or seafood, it should be determined that 
they are at the appropriate temperature and that records are available that 
will attest to the fact that the temperatures have been maintained. Product 
that is not at the appropriate temperature should not be accepted, as quality 
deterioration has, most probably, commenced. 

Fresh iced fish should be processed as it is received or stored in a 
manner to maintain the appropriate temperature. Live shellfish should also 
be processed immediately or stored live in a manner described earlier. If 
frozen product is not to be thawed immediately for processing, then it 
should be stored at -18 U C, or lower, to ensure complete inhibition of all 
microbial growth and enzymatic activity. For extended storage it should be 
protected from desiccation by enclosure in an impermeable wrapping or by 
ice glazing. Surface dehydration facilitates oxidation and localized 
denaturation of the tissues. The duration of frozen storage is limited for 
those fish prone to developing fat rancidity. Table 8.5 lists the 
recommended storage times and temperatures for different fish categories 
and seafoods. 

Fresh chilled fish is generally washed as it is received by the cannery. 
This is particularly important when unloading fish from the holds of trawlers. 
In larger canneries, the fish is brought into the plant by conveyors and the 
washing accomplished by superimposed water sprays. The fish is inspected 
at this time primarily to cull any species of fish unsuitable for canning. 

8.4 PREPARATION 

The supply of raw material is usually subject to fluctuations that can in some 


Table 8.5 Practical Storage Times for Certain Marine Products 


Practical Storage Time in Months 


-18°C 

-25°C 

-30°C 

Fatty fish 

4 

8 

12 

Lean fish 

8 

18 

24 

Flat fish 

10 

24 

24 

Lobster - crabs 

6 

12 

15 

Shrimp 

6 

12 

12 

Shrimp, vacuum packed 

12 

15 

18 

Clams 

4 

10 

12 

Source : Document: Institut 

International 

du Froid 

(International 


Refrigeration Institute), 1972. 


PREPARATION OF FISH AND 
SHELLFISH FOR CANNING 


281 


cases be very great. These fluctuations have been enhanced in many of the 
fishing zones due to overfishing (i.e., the demand has exceeded the supply). 
However, as fish and shellfish quality deteriorates fairly rapidly after removal 
from the waters, canneries should not accept more fish than they can handle 
expeditiously. Supplies of fresh fish should be handled forthwith or 
appropriately chilled and stored in accordance with the recommendations of 
the Codex Alimentarius Recommended International Code of Practice for 
Fresh Fish, and they should not be held for extended periods before 
processing. In some instances it may be practical for a cannery to freeze 
surplus supplies when fish are abundant and hold them in frozen storage for 
canning at a time when fresh fish are less plentiful. If this is done, losses in 
quality due to improper freezing or faulty storage should be avoided by 
following the recommendations of the Codex Alimentarius Recommended 
International Code of Practice for Frozen Fish. 

Fish spoilage is accelerated at the higher ambient temperatures generally 
prevalent in canneries. Thus, the canning operation should be carried out 
as soon as possible after the fish are received or are taken from frozen 
storage, and there should be no delay in passing the partly prepared 
products from one stage of processing to the next. 

Under normal operating conditions each processing stage should be 
capable of handling the output of the previous stage without delay and 
should have some reserve capacity to deal quickly with any backlogs that 
may occur from time to time. There should be sufficient standby 
replacements for all processing equipment such as butchering machines, can¬ 
filling equipment, and sealing machines to allow for servicing and to ensure 
that no processing operation will be stopped or slowed by breakdown. There 
should also be a sufficient number of retorts to allow routine maintenance 
and repair work to be carried out without interfering with the cannery 
operations. 

To minimize contamination of fish or shellfish during preparation, all 
equipment contact surfaces should be smooth, free from pits, crevices, loose 
scale, and substances harmful to humans, unaffected by salt, fish juices, or 
other ingredients used, and capable of withstanding repeated cleaning and 
disinfection. Wood can be used for cutting surfaces only when no other 
suitable material is available. Machines and equipment should be designed 
so that they can be easily dismantled to facilitate thorough cleaning and 
disinfection. 

Containers used for holding fish should preferably be constructed of 
plastic or corrosion-resistant metal. If made of wood, then they should be 
treated to prevent the entry of moisture and coated with a durable, nontoxic 
paint or other surface coating that is smooth and readily washable. Wicker 
baskets should not be used. 

Stationary equipment should be installed in such a manner to permit 
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easy access and thorough cleaning and disinfection. Washing tanks should 
be designed to provide a constant change of water with good circulation, to 
have provisions for drainage, and to be easily cleaned. Equipment and 
utensils used for inedible or contaminated materials should be identified as 
such and should not be used for handling edible products. Specialized 
equipment is available for many fish-processing operations, and they often 
perform the task better, quicker, cheaper, and with less risk of contamination 
than if the work were done by hand. It is important that cracking blocks, 
mallets, or meat extracting rollers be constructed of a nonabsorbent and 
crevice-free material so that they will not become saturated with juices 
harboring microorganisms that would give rise to off-odors and be a source 
of contamination. Material prone to corrosion will eventually deteriorate, 
rendering proper cleaning impossible; it may also contaminate the product. 

Where it is necessary to transport fish or shellfish from the port of entry 
to the cannery, the vehicles used should be designed and constructed to 
ensure constant protection to the fish against contamination by dust, 
exposure to higher temperatures, and the drying effects of sun or wind. 
Even where ice is very cheap and the journey time or distances are relatively 
short, the use of an insulated vehicle provides additional insurance against 
inadequate icing or unforeseen delays. The walls, roof, and floor of the 
vehicle should be insulated. The thickness of insulation employed will 
depend on the outside temperatures normally encountered. It should be 
remembered that insulation cannot help to cool the fish, but it helps to keep 
it at the temperature at which it was put into the vehicle. Those used for 
the transport of frozen fish should be capable of maintaining the fish at a 
temperature appropriate for that particular product. The walls, floors, and 
roofs should made of a suitable corrosion-resistant material with smooth and 
nonabsorbent surfaces and the floors adequately drained to permit efficient 
cleaning and disinfection. 

Preparatory operations leading to the finished product should be so 
timed as to permit expeditious handling of consecutive units in production 
under conditions that would prevent contamination, deterioration, spoilage, 
or the development of infectious or toxigenic microorganisms. 

8.4.1 Thawing 

The frozen product should be thawed to a temperature that will facilitate the 
various preparatory operations, but no higher. This is a delicate operation 
that can adversely affect the flavor and hygienic state of the product if 
improperly carried out. 

Thawing requires the passage of heat energy into the product, usually 
by exposure to an external heating medium, air, or water. The heat 
exchange between the heating medium and the product exterior is by 
convection and within the product by conduction. Air thawing is best carried 
out in cold rooms, 0-4°C (32-40°F), to minimize microbial growth on 
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contaminated surfaces and acceleration of enzymatic activity. This 
procedure is slow, however, and it demands considerable space. To lower 
thawing times, thawing is also carried out in warm forced-air ovens or 
tunnels, in air under reduced pressure, or by other techniques (Table 8.6). 
Rapid thawing should be carefully controlled and supervised to ensure that 
bacterial growth and enzymatic activity, which can adversely affect the 
product quality, is kept to a minimum. Water thawing can be accomplished 
in circulating water baths, but it is more common for fish products to use 
warm water sprays. 

The problems encountered in thawing of frozen fish and seafood 
products and the various precautions that should be taken to prevent adverse 
effects, such as loss of tissue fluids, textural changes, and increased microbial 
levels, are virtually the same as those for meat and meat products discussed 
in Chapter 7. Because fish and seafood are not warm-blooded animals and 
live in a relatively cold environment the microorganisms normally found 
contaminating their skin, mucous membranes, gills, and intestinal tract tend 
to be psychrophiles that can grow quite rapidly even at low thaw 
temperatures. This also applies to their enzyme activity, which will be 
considerably more rapid at low thaw temperatures compared with meat. 

8.4.2 Evisceration, Trimming, Washing, and Precooking 

Small fish are generally gutted by pulling the intestines through the throat 
cavity when the head is removed. This method is not efficient if the gut is 
full; however, if feed is left in the fish, then it will spoil quickly and the flesh 
next to the body cavity will frequently disintegrate. The appearance and 
flavor of the canned product will be adversely affected, often to the extent 
that the product will be unsuitable for sale. In some instances fish can be 
kept alive long enough for their guts to empty before they are taken out of 
the water. Gutting of all fish should be thorough with no viscera left to spoil 
the appearance or the flavor of the final product. 


Table 8.6. Influence of the Treatment on Thawing 

Thaw Time: Product Passes from -20®C to 
0”C at the Product Center 


Thawing 

Method 

■ 

Temperature 

(°C) 

Sardine Blocks 
(37 x 26 x 6.5 cm) 

Whole Tuna 
(18-cm diam.) 

Tuna Slices 
(6.5-cm thick) 

Air 

Still 

+8 

18.5 h 


26 h 

Circulated 

+8 

11.0 h 

48 h 

15 h 

Running 

water 

+8 

4.3 h 

24 h 

7.75 h 


Source : Crepey et al.,1974. 
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Heads, tails, unwanted portions of skin, fins, and bruised or damaged 
flesh should be cleanly and precisely cut away without leaving ragged 
surfaces or needlessly wasting the edible material. Spoilage microorganisms, 
which are primarily located in the intestines and on the skin, may be spread 
over all surfaces by the cutting and trimming operations. Thorough washing 
of the carcass in cool potable water or cool clean sea water can significantly 
reduce microbial contamination from the surfaces as well as remove slime 
and blood that might otherwise taint or discolor the final product. When 
gutted fish are washed in containers or vats, a continuous flow of the wash 
sufficient to prevent the accumulation of contaminating materials should be 
provided from the inlets at the bottom of the container. 

Lobster and crab deteriorate very quickly after death. The deterioration 
is accelerated if the enzyme-producing viscera are not removed and/or the 
meat is not chilled. For this reason lobsters and some kinds of crabs are 
generally cooked alive in boiling water or 3-5% brine to inactivate the 
primary enzyme activity. In some cases, crabs are slaughtered, eviscerated 
in a single operation, washed, and then cooked. It is important that the 
viscera be completely removed, the carcass washed to remove entrails and 
blood, and passed to the cooker without delay. Thorough removal of blood 
will avoid blue discoloration of the meat after it has been canned. Cooking 
lobster and crab coagulates proteins and breaks the adherence of muscle 
tissue to the shell, facilitating the removal of the meat. More commonly, the 
back shell and viscera of the crabs are removed and then cooked in a boiling 
light brine or by steam. Shrimp can be cooked and then peeled, or peeled 
raw and then cooked to condition the meats and to cause the shrimp to curl. 

Live molluscs (i.e., oysters, clams, etc.), especially when taken from wet 
storage, will have mud, sand, and their own fecal matter on the exterior and 
between the lips of their shells that should be washed away to minimize 
contamination of the meats when the shells are opened. They are often 
opened by steaming for a few minutes, which will also slightly cook the 
meats and make them reasonably firm. They are also opened live with a 
knife, the meat removed, washed, and then blanched. The meats should be 
washed immediately to remove any sand, shell, or other foreign matter. If 
containers are used for washing molluscs in the shell or their meats, a 
continuous flow of cold potable water or clean sea water, sufficient to 
prevent the accumulation of contaminating materials, should be provided 
from the inlets at the bottom of the container. Raw meats should not be 
allowed to stand in fresh water because they will swell due to the uptake of 
the water. The increased moisture will be lost when the meats are cooked. 
Precooking in boiling water or steam firms oyster and clam meats and 
removes excess moisture as well as kills the animal and causes the shell to 
open. Continuous steam cooking tunnels or columns are available, which 
can be equipped to collect the clam juice that may be added back to the 
canned product or concentrated and sold as clam nectar. 
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Fragments of shell left in shellfish meats are very objectionable to 
consumers; in some circumstances, they can be dangerous. Shell fragments 
can readily be separated from moliuscan meats by washing in clean water. 
While there seems to be very little trouble with shell fragments in most kinds 
of lobster and crab, it is difficult to avoid getting some shell mixed with the 
leg and claw meat during the shucking of some species of crab. These 
fragments are difficult to see and consequently to separate by hand. One 
cleaning method is to pass the meat through a bath of saturated brine in 
which the meat will float but the shell will sink. If this method is used, then 
the amount of salt picked up by the meat will have to be taken into 
consideration when the product is packed. As crab shell fluoresces (glows) 
under ultraviolet light, this property can be used to find fragments mixed 
with fresh crab meat. However, crab meat in early stages of decomposition 
also fluoresces under ultraviolet light. If this method is used, then it is vital 
that the crabs be fresh. 

Large fish (e.g., tuna) are either precooked whole in a steam chamber 
or cut into portions and precooked in brine. This reduces the moisture 
content, removes some of a rather strongly flavored oil from the flesh, 
facilitates boning, and makes the flesh sufficiently friable to be readily 
separated for canning. 

Precooking of small fish (e.g., sardines or herring) removes moisture 
that could subsequently be released in the container after thermal 
processing, which spoils the appearance, texture, and flavor of the finished 
product. Sardines were traditionally cooked in oil, but methods utilizing 
steam or hot air are now common for a wide variety of small fish. They are 
placed on wire mesh grills and cooked in hot air or steam chambers or 
tunnels. Another method that precooks them in their final container has the 
advantage of avoiding damage of the more fragile cooked product by further 
handling. Combinations of steam and hot air are also used in which the fish 
are first cooked in steam to raise the temperature quickly, and then in hot 
air alone to carry away the excess moisture that would otherwise remain on 
the surfaces. Either during or after the precooking, the containers must be 
inverted in a manner to allow the cooked-out water and oil to drain away 
without spilling on to the fish. In one continuous process, the packed 
containers are heated in steam, inverted to permit drainage, cooked for a 
further period, uprighted, filled with hot oil, sealed and then delivered for 
heat processing. 

Precooked fish should be cooled to firm the flesh to prevent damage 
during handling and packing into the containers. The cooling should be as 
rapid as possible, especially through the temperature range in which 
microbial growth and chemical degradation is most rapid. The method 
employed should protect the product from contamination by dust, insects or 
by contact with other unsanitary substances. Fish prone to oxidation require 
additional protection. The next processing stage should be commenced 
without delay. 
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8.4.3 Use of Brine and Other Dips 

Fish and shellfish are frequently dipped or soaked in solutions of salt, 
organic acids, or other agents as part of their preparation for canning. 
Strong brines are used to toughen flesh surfaces and organic acids to bind 
ammonium and copper ions. Other agents contribute to flavor or alter other 
qualities of the product. The effect of these agents depends on their 
concentration and contact time. While recommended strengths of dip 
solutions and immersion times for particular products can be obtained from 
technical literature, suppliers, and so on, they should always be verified by 
experiment. Since consistencies in flavor and other product qualities are 
very important, the specified strengths of dip solutions and time of 
immersion should be carefully followed. 

The dip solutions become less effective over time with continued use 
because the active agents are taken up by the product and the solutions 
become more dilute. Therefore, the concentrations of the active agents 
should be periodically checked to ensure that they are within specifications 
for optimal application and replaced as required. The solutions also become 
contaminated by material that washes off or is leached from the product as 
well as scraps of product that tend to collect in the dip tank, providing a 
medium that favors microbial growth. Unless these solutions are not 
appropriately chilled, very large numbers of microorganisms may soon 
become evident. The dip tanks should be emptied, thoroughly cleaned, and 
disinfected prior to being refilled with fresh solutions. 

The use of some chemicals that are considered harmless in one country 
may for some reason be prohibited or severely restricted in another. It is 
necessary, therefore, that information concerning regulations in the countries 
where products are being marketed should be obtained before deciding on 
the use of a food chemical in a dip solution or as an additive. 

A wide variety of ingredients may be and often are added to the packing 
media used for fish products. Salt, spices, and condiments are used to 
improve flavor, while fillers are used to improve sauce consistency. Other 
additives are used to adjust acidity, improve texture, act as sequestering 
agents, or for other purposes. Packing media, such as oil, brine, water, or 
sauces, enhance the product quality, appearance, and flavor and may play a 
role in equilibrating the heat penetration during thermal processing. 

Ingredients can be are added at various stages in the preparation. If dry 
ingredients are used, then they should be fully rehydrated before thermal 
processing. Ingredients such as oil, salt, spices, and fillers used in fish pastes 
and other comminuted products should be well mixed with the product to 
ensure uniformity. They may also be dispensed into the container just 
before the packing operation or just prior to closing. Sauces or oils are 
sometimes added in two stages, part into the empty container and the rest 
after the addition of the solid portion of the product. This encourages a 
more even distribution and absorption of the packing medium. 
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Table 8.7. Types of Coatings Permitting a Shelf Life Equal to or Greater 
than 5 years for Canned Fish Stored at Temperate Temperatures 




Enamel 

Product 

Size 

Can 

Easy opening 
cover 

Fish in oil 

1/5 B 

16 P 25 

Epoxyphenolic 

Epoxyphenolic 

Sardines, cooked 

1/6 P2J 

Epoxyphenolic 

Epoxyphenolic + 
vinyl organosol 

Tuna hors-d’oeuvre 

1/6 B 

Epoxyphenolic + 
vinyl organosol 

Epoxyphenolic + 
vinyl organosol 

Fish, marinated 

1/6 PC 30 
1/4 PL 

Epoxyphenolic + 
vinyl organosol 

Epoxyphenolic + 
vinyl organosol 


Source : Dionisi, 1984. 


8.5 CONTAINERS 

Metal cans, whether made from tin plate or aluminum, still represent the 
large majority of the containers used in the fish canning industry, in spite of 
the development of glass (e.g., fish soup and bisque), flexible and semi-rigid 
packaging. There is an increasing use of two-piece aluminum cans with an 
easy opening feature. In France, for example, 35% of the cans used for fish 
products are aluminum. The metal cans are coated on the internal surfaces 
and the coatings most commonly used are given in Table 8.7. 

Most foods, to varying degrees, are acidic. The acids present in the 
foods or added may react with the metal of the containers to produce 
hydrogen. The rate of reaction depends upon the pH of the medium, the 
chloride ion or salt concentration, and the subsequent storage temperature 
(i.e., the lower the temperature, the lower the rate of reaction). Foods can 
be classified with respect to their reaction with the metals in the containers 
(e.g., as more or less neutral, slightly aggressive, aggressive-acid, and sulfur 
producing). 

Fish products are generally classed as sulfur producing, because they 
contain proteins with sulfur that give up sulfur-containing compounds that 
can combine with the metal of the container when heated during 
sterilization. Some fish, like tuna, mackerel, and sardine, readily interact 
positively with tin. For this reason, a number of sardine processors were 
reluctant to abandon tinplate for aluminum cans. In fact, the migration of 
tin from the container to its contents after a few months gives the final 
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product a characteristic taste that is absent in aluminum cans. For such 
products, the tinplate is very acceptable; however, cans entirely enameled 
gives an improved appearance upon opening. Shellfish and molluscs do not 
interact positively with tin, and enameled cans must be used. 

Semirigid containers in the form of flat very thin aluminum or 
preformed plastic dishes, or casseroles with a heat-sealed cover, are seeing 
increased usage. This type of packaging is well suited for the prepared 
dishes (entrees) and the same processing, distribution, and sales precautions 
given for the flexible pouches apply. The nature of this type of container 
will be described in more detail in Chapters 9 and 10. 

8.6 SOME SPECIFIC CANNED FISH PRODUCTS 

The preparatory operations vary with the type of product to be canned and 
the type of fish being used. The fish can either be packed raw, as in the 
Flashcooker system, or precooked before being placed into the can, as in the 
Tocquer system. 

8.6.1. Tuna 


Tuna can be packed raw or precooked and then packed, as shown in Figures 
8.7 and 8.8. 

Thawing 

Head removal 
Evisceration 


Slicing 
(to can depth) 


Trimming 



Salting 


Packing 


Packing medium 


Coding 


- Crimping 
Preheating 


Seaming 


ting 


Cooling 

Figure 8.7. Flow chart for the canning of natural tuna (Knockaert, 1991) 
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Supply 


Process Stages 


Waste 


Reception of Thawed Fish 


Pretreatment 


Water 


Frozen Fish 
Thawing 


Water 


Steam 


Head Removal 
Washing 


Precooking 


Pre-Cook in Steam 
Cooling and Drying 


Waste Water 
Tall, Trimmings 
Waste Water 


Water of Condensation 



Cleaning 
Empty Can6 
Dry Salt 
Oil or Smoke 




Covers 

Steam 


Steam, Water 



Steam, Water 


Trimming -Bones, Skin, Dark Flesh 

Packing 

Salting (optional) 

Cover Ll< ’ uld -- Over-run Oil or Brine 

Closure 


(Seaming) 

Covers 

(option) -► Oil + water 

Washing -Waste Water 


Retorting 


Cans into Baskets 

Retorting under Pressure-Waste Water 

Unloading of Baskets 


Figure 8.8. Flow chart of the canning of precooked tuna (Knockaert, 1991). 

Tuna is packed whole, as pieces, or as flakes, with oil, sauce, brine, or 
water as the packing medium, and in cans of different shapes (e.g., round, 
rectangular, oval, etc.). Wherever possible, the preparatory operations are 
mechanized to maximize yields and minimize labor costs. 

Tuna, especially the smaller varieties, are generally frozen on board ship 
as the fishing areas are usually remote from the canneries. Thawing is 
carried out in running water at 10-15°C (50-59°F) and should be complete 
before commencing further operations. Frozen tuna may continue to bleed 
during the thawing, especially if it has not been bled before freezing. 

A guillotine removes the head. The tuna is then eviscerated after 
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cutting open the abdominal cavity. The carcass is sliced transversally at a 
thickness that corresponds to the height of the cans into which it will be 
packed by a combined guillotine and flank press. 

The portions are precooked to extract part of the natural oils, loosen the 
flesh from the bones, and produce a texture suitable for packing. The 
muscle proteins are also coagulated and the firmness of the flesh is increased 
due to partial dehydration. Increased nutritional value, taste, and 
appearance can also occur (Thomas, 1982). The process can be carried out 
in hot brine, in a steam chamber, or in a tunnel at a temperature of 
100-105°C (212-221°F) to an internal temperature of 85°C (185°F). 
Depending on the size and species, the process can take from 1 to 12 hours. 
There is a weight loss (i.e., shrinkage) of about 25% based on the weight of 
the frozen, beheaded, eviscerated product. The shrinkage is less when 
cooked in steam as the coagulation of the surface proteins forms an 
impermeable layer and retains the internal fluids. 

Following the precook, the product is cooled immediately on racks in 
refrigerated rooms to an internal temperature of about 15°C. The cooled 
product undergoes further trimming and is then placed on a screen that 
descends by gravity into a cylinder where the product is molded and cut to 
the height of the can (systems of Fraga, IMC). One method for packing raw 
tuna is an endless screw in a cone (Ste HEMA) that forms and pushes the 
tuna into the can. Manual packing is used for quality specialized products 
in which the pieces are specifically arranged in the can. 

8.6.2 Sardines Canned in Oil 

The species that may legitimately be called sardine when canned has 
generated considerable international debate. According to the EU 
regulation No. 2136/89 of June 21, 1989, only the species, Sardina pilchardus 
can be called sardines in European Union and North African markets. 
However, many other countries permit the use of a variety of small 
clupeides, which has resulted in considerable confusion on the international 
market. In an effort to rectify this situation, the Codex Alimentarius 
Commission has published a worldwide Standard (94-1981) for Canned 
Sardines and Sardine-Type Products that states that the name sardines be 
reserved exclusively for the species Sardina pilchardus. Where other species 
are used, the product should be labeled as "X sardines," where A" is the name 
of a country, geographic area, the species, or the common name of the 
species in accordance with the laws and customs of the country in which the 
product is sold, and in a manner not to mislead the consumer. 

A flow chart of the unit operations involved in the canning of sardines 
in oil is given in Figure 8.9. The raw material is usually received fresh 
chilled; however, as some canneries are located a considerable distance from 
the fishing areas it may come in the form of frozen blocks. Frozen 
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Thawing 


(Eventual Brining) 


Whole, frozen in 10 kg blocks 
Air: Used in older canneries 
Water: Current method 
Brine 


Beheading - Evisceration 


Washing of the neck 
by water jets / 
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and blanching, salty 
taste 
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Washing 
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Grilling 


Rapid Rinsing 
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Packing the Manual or 
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I 
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with scissors 


Manual Packing 


Cover Liquid 


tamim 


Retorting 


Figure 8.9. Sardine canning flow chart (Knockaert, 1991). 
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product is thawed in chilled circulating water or brine baths and, in some 
cases, in air. The head removal and evisceration are carried out 
mechanically. 

The sardines are precooked by various methods. Boiling in brine 
(108°C in 7° Baume brine) for 7-15 minutes is one method; however, it 
poses some problems for lean fish. In another method, the sardines are 
immersed in brine, drained, and then placed into a steam chamber at 
102-105°C (216-221°F) for about 15 minutes. Hot air tunnels having a 
temperature gradient from 60°C to 140°C (140-284°F) cook and dry the 
sardines; however, there is considerable risk of lipid oxidation. A 
combination of infrared and microwave technology is now being used. A 
continuous process is also used in which the sardines are packed raw into 
containers, passed through a grill for the precook, and turned upside down 
in such a manner such that the fish is retained in the containers and allowed 
to drain while cooling. Precooking in hot oil (2-5 min at a temperature of 
120°C) has almost been abandoned, as consumers now want a product with 
lower fat content. 

The packing of the sardines into cans is difficult to do mechanically; 
thus, it is generally carried out manually. There is a tendency to slightly 
overfill the cans that may give the impression of being slightly swollen when 
sealed. After filling, the packing medium, which generally is a vegetable oil 
(e.g., soybean, peanut, olive, etc.), is added and the cans then sealed. 
Mustard or tomato sauces are added for special packs. 

8.6.3 Canned Mackerel 

Canned mackerel is usually packed in a marinade, with or without white 
wine, in tomato or mustard sauces. A flow chart showing the principal 
operations involved in the canning of mackerel is given in Figure 8.10. 
Frozen product is thawed in circulating water, brine baths, or air. The 
removal of the heads and tails and evisceration of the fresh chilled or 
thawed frozen fish is carried out mechanically. The product is packed raw 
or precooked and given further preparation before packing into the 
containers. Prior to the precook, the fish are salted in strong brine and then 
cooked in either hot brine or steam (15 minutes at 100°C.). 

In some countries (e.g., Germany and Denmark) the mackerel is skinned 
chemically before the precook by soaking for 2.5 minutes in a dilute 2% 
caustic soda at 75-85°C, followed by a water spray rinse and neutralization 
in a hydrochloric acid bath at pH 3 (Danish Line "Cabinplant"). 

The product is air cooled after the precook and packed as filets or 
whole (body) in cans. Marinades are somewhat standardized; for example, 
a white wine marinade must contain at least 10% white wine and 25% wine 
vinegar titrating at 6.5° acetometric. From here on the operations of 
seaming and sterilization are conventional. Packing raw and omitting the 
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Figure 8.10. Flow chart for canning mackerel (Knockaert, 1991). 


precook requires precise control. The process from the salting out stage to 
sterilization can vary, depending upon the fat content and the extent of the 
precooking. 

8.6.4 Fish Soup and Shellfish Bisque 

The formulation of soups and bisques varies almost infinitely, being very 
dependent upon the individual processor and the market. The principal 
component, of course, is fish and/or seafood, with vegetables, flavoring, 
coloring, spices, thickeners, and so on, being added according to taste or 
convention. 

A diagrammatic representation of a generic soup line is given in Figure 
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8.11. This is generally a batch process in which all the ingredients, including 
water, are boiled together under agitation in a kettle for varying times, 
depending upon the product and the processor. Upon completion of the 
cooking, the solid contents are coarsely ground and sieved. The material 
that passes through the sieve is pumped to a kettle, where it is reheated to 
the fill temperature, and from there to a filler. The fill temperature should 
be on the order of 80°C. In some processes, the basic broth is prepared as 
described earlier and the fish and/or shellfish and vegetable components are 
added raw or precooked at the filling stage. 

During the preparation of the soup it is important that hygienic practices 
are strictly applied to avoid contamination. All the equipment (e.g., tubs, 
pails, grinders, sieves, pumps, fillers, etc.) should be carefully cleaned, 
disinfected, and rinsed after each use as well as at the end of the working 
day and, preferably, cleaned again just prior to use. 


8.6.5 


Canned Cla 


m 


s 


The mud and silt that adheres to the shells are removed by washing through 
strong water sprays or by passage through a squirrel cage washer. When 
clam juice is to be recovered and canned, the washing should be very 
thorough. Any clams with broken or open shells should be sorted out and 
discarded. 

The clams are steamed for 10-15 minutes at a steam pressure of 10 psig 
to open the shells so that the meat can be removed. The apparatus consists 
of a horizontal cast iron retort that has doors at each end. A narrow track 
passes through the steam box and the clams are loaded into small cars, with 
sides and ends of iron slats; next, the cars rolled into the steam chest, which 
is then closed at both ends. After a brief exposure to the steam, the valve 
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is opened slightly in order to drain off any condensate, which then is 
discarded. The valve is then closed and the steaming is completed. Upon 
completion the valve is again opened and the condensate can be collected 
to be used as clam juice. The pressure is returned to atmospheric and the 
cars are removed. 

The meat is removed from the steamed open shells. The muscle is 
separated from the hepatic pancreas (black coral) and the gills (mantle), 
which are discarded. The clam meats are sorted and graded according to 
size and color. The meats are then thoroughly washed. This final washing 
must be very thorough to remove algae, sand, and other debris. To assist 
the removal, slightly acidified salt water may be used. 

While clams can be packed raw along with an acidified brine packing 
medium, they can also be given a precook in a dilute acidified brine (7-10° 
Baume). This is required because these marine animals are rich in sulfur- 
containing amino acids, which can cause a blackening of the meat. 

8.6.6 Lobster 

The lobsters are boiled live for 20-30 minutes in a dilute actively boiling 
brine (about 3% salt) and then cooled in a chilled 2-6% brine. When cool 
enough to handle, the claws and tail are broken off. The body shell is 
opened, the stomach, liver, and coral body are removed. The claws are 
cracked and the meat removed whole, if possible. The legs are split 
longitudinally and the meat is removed. The tails are split and the intestine 
is pulled out. 

The lobster meats are packed in enameled cans, usually with a 
parchment paper lining. The tails are usually placed in the bottom with the 
leg and claw meat on top. A small amount of salt is added either dry or in 
the form of a brine. As the meat is cold when packed, the filled cans must 
be preheated by passage through an exhaust box to a center can temperature 
to 54-60°C (130-140°F) before closing. It is recommended that the cans be 
vacuum sealed by using a mechanical vacuum can seamer. The product is 
then retorted. 
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9 

CONTAINERS FOR CANNED 

FOODS 


9.1 INTRODUCTION 

The container plays a vital role in food canning. It must be capable of being 
hermetically sealed to prevent entry of microorganisms. For all practical 
purposes, it must also be impermeable to liquids and gases, including water 
vapor, to maintain the state of biological stability (i.e., commercial sterility) 
that was induced by the thermal process alone or indefinitely in combination 
with other chemical and physical processes, as well as the desired 
organoleptic properties for a predetermined period. In addition, it must 
physically protect the contents against damage during transportation, storage, 
and distribution. 

With the exception of some plastic containers, which are manufactured 
by the canner from materials supplied, the canner obtains the empty, 
preformed containers, and their closures from specialized manufacturers. 
Although not the prime producer, the canner must take the responsibility for 
the quality and performance of the containers and their closures, and should 
take measures to ensure that they are produced to comply with the canner’s 
requirements. This is the universal view of the regulatory agencies around 
the world. This is generally accomplished by the cooperative formation of 
specifications by the canner and the packaging materials, container, and 
closure manufacturers. These specifications should ensure that the material 
will be appropriate for the product to be packed, for the expected conditions 
of storage, and that the material should not transmit objectionable 
substances to the product beyond the limits acceptable to the official agency 
that has jurisdiction. The packaging material, containers, and their closures 
should be free of defects that would adversely affect their performance and 
provide appropriate protection from contamination and maintain the desired 
organoleptic properties for the desired period. They should be sufficiently 
durable to withstand the mechanical, chemical, and thermal stresses 
encountered during normal processing, handling, storage, and distribution. 
The packaging material, including any sealants that may be used, must be 
compatible with the product. 

While the canner may carry out sampling inspection and testing of the 
incoming lots of packaging material, containers, and closures, the practical 
limitations of the sample sizes will not give sufficient confidence that there 
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is complete compliance with the specifications. The canner must be assured 
that the manufacturer or supplier has installed the appropriate controls to 
ensure that the product will meet the specifications. The hazard analysis and 
critical control point philosophy is as applicable here as it is in the canning 
process. By and large, the container manufacturers have built an enviable 
reputation for providing materials, containers, and closures of high quality. 

In order to assemble appropriate specifications, the canner must know 
the materials, containers, and closures in the canning operation and have a 
knowledge of their production, especially those aspects critical to their 
performance. 

9.2 METAL CONTAINERS 

Metal containers remain the most frequently used package for canning 
foods. They have a great diversity with innovative exterior graphics, shapes, 
and opening features for personalizing the packaging with respect to its 
contents, rendering it more attractive to the consumer, who looks for 
satisfaction in the fundamental aspects of quality, service, health, and 
security. While metal containers are produced in various shapes and forms, 
the conventional round (i.e., cylindrical or conical) represents 90% of the 
total metal cans used. An increasing number of cans are equipped with an 
easy opening feature. Whether steel or aluminum based, the used containers 
are recyclable. 

The mechanical resistance (i.e., resistance to deformation) of the metals 
used facilitates automated production rates from several hundred cans per 
minute to over 1,000 cans per minute. The excellent thermal conductivity 
aids the heat penetration during thermal processing. The containers can 
withstand temperature changes as well as pressure differentials over a wide 
range. The modem can handling equipment and methods of transport also 
benefit from the robustness of the metal. 

As the metal component is impermeable to dust, gases, liquids, and 
microorganisms and is opaque to light and ionizing radiations, it provides 
the container with the required protection of the contents. The only 
weakness is in the seams that are used to form and seal the containers. 

9.2.1 THE MATERIALS 

9.2.1.1 Steel 

Tinplate, tin-free steel, and nickel-plated steel are the materials used to 
manufacture metal food cans. Metal can making technology (i.e., types of 
cans, trends, and selection factors) has been reviewed (Kopetz, 1978). 

A special grade of low-carbon, cold-rolled steel is used for the 
manufacture of the tinplate (Beese and Ludwigsen, 1974; AISI, 1979). The 
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base steel is cleaned and plated electrolytically with tin on both sides. It is 
then passed through a melting tower to melt and reflow the tin to form a 

shiny tin surface and tin-iron alloy layer. The plate is treated chemically to 
retard oxidation, and a thin layer of a synthetic oil approved by the agency 
that has jurisdiction is added to provide lubrication. In specialized "K" plate, 
a nearly continuous tin-iron alloy layer, improves the corrosion resistance of 
tinplate for mildly acid products. 

The depth of the tin coating ranges from 0.31 /im to about 1.54 /zm, and 
may be equally coated on both sides or differentially coated with a different 
depth on each side. In the case of a differential tinning, the spacing of 
parallel marking lines on the heavier side permits the identification of the 
amount of tin used on each surface. The tin coating weight can be 
expressed in pounds per basis box (lb/bb) or grams per square meter. As an 
example, 1.00 lb/bb equally coated tinplate carries 0.5 lb/bb (11.2 g/m^) per 
side and 1.00/0.50 lb/bb differentially coated carries 0.50/0.25 lb/bb (11.2/5.6 
g/m^) per side. 1.00 lb/bb (both sides) is equivalent to 11.2 g/m^ on each 
side, which corresponds to 1.54 /zm tin on each side. 

Electrolytic chromium-coated steel, designated as tin free 
steel-chromium type (TFS-CT) or tin-free steel-chrome-chrome oxide 
(TFS-CCO), is used in place of tinplate. The standard international 
designation is electrolytic chrome/chrome-oxide coated steel (ECCS). The 
chromium-chromium oxide coating is approximately 0.02 /zm thick, which is 
considerably thinner than the tin coating on tinplate. This material can be 
used for many products where the cathodic protection usually supplied by tin 
is not needed; it must be protected with an organic coating on both surfaces. 
Organic coatings adhere exceptionally well to TFS. 

The proportions of the different materials in coated and uncoated 
tinplate and TFS is shown in Figure 9.1. 

9.2.1.2 Aluminum 

Magnesium and manganese alloys of aluminum are commonly used for the 
manufacture of the cans and covers to provide the desired mechanical 
resistance, enable formation by stamping or drawing, and optimize the 
resistance to corrosion. The alloys are standardized and identified by a four- 
figure number (AFNOR Standards 02-104 of April 1980). The two most 
frequently used to manufacture cans are 5052, whose principal added 
element is magnesium, and 3004, for which it is manganese. They are cold 
rolled into sheets 0.18-0.28 mm thick to increase the tensile hardness and 
the mechanical resistance. The surfaces are then treated to prepare them 
for the application and adherence of the organic coating. Both surfaces of 
the aluminum alloy sheets are given an organic coating. The material is 
delivered to the fabricators in rolls or precut sheets. 
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THE THREE PRINCIPAL MATERIALS: A SCHEMATIC VIEW 

PLAIN TINPLATE ENAMELED TINPLATE ENAMELED CHROMED STEEL 

example 11.2 g/m 2 example 2.8 g/m 2 



Figure 9.1. Steel-based materials (CIC recommendations) (Brossard and Dionisi, 
1991). 

9.2.1.3 Organic Coatings 

The organic coatings are primarily used to provide protection to the exposed 
surfaces of metal containers. They are applied to the intended food contact 
surface to separate and protect the metal from the contents. The food 
contact surfaces of all drawn cans, ends, and covers, and of some three-piece 
cans, are given a coating. The external surfaces of all drawn cans and most 
ends and covers are coated to protect against corrosion. Coatings are also 
used to decorate the can exterior. 

The coatings generally used for a food contract surface are 
epoxyphenolics, organic soluble vinyls, and polyesters. The choice depends 
upon the method used in shaping the metal, the nature of the can’s contents, 
and the desired shelf life. Pigments (i.e., minerals) can be added to the 
coatings to modify the appearance (i.e., white or metallic pigments) and/or 
increase the barrier properties (e.g., pigments that permit the absorption of 
sulfur compounds). Those used for external nonfood contact surfaces can 
be transparent or colored. 

A solution of the coating material is uniformly applied to the treated 
sheet metal and baked to attain the desired properties prior to the 
manufacture of the containers. The formed containers may be recoated 
totally. The side seam of the three-piece can is given a strip coating. Any 
coating applied to the food contact surface must comply with the applicable 
national and international regulations. The coatings commonly used for 
food contact surfaces, their product resistance, and their ease of fabrication 
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Table 9.1. Summary of Interior Food Coating Types 


Type 

Product 

Resistance 

Fabricability 

Oleoresinous 

Fair to good 

Fair to good 

Phenolics 

Superior 

Poor 

Oleo/phenolics 

Good to excellent 

Fair 

Epoxy amino 

Good 

Excellent 

Good 

Epoxy phenolics 

Good 

Good 

Epoxy acrylates 

Excellent 

Good 

Epoxy acrylate/ 


Good 

phenolics 

Excellent 


Solution vinyls 

Good to excellent 

Excellent 

Dispersion vinyls 

Excellent 

Excellent 

(organosols) 

Polyesters 

Excellent 

Excellent 


Source: Charbonneau, 1991. 


are listed in Table 9.1. The combination of flexibility and hardness of the 
organic film and coating surface lubricity work together to make a coating 
fabricate well. 



a hopper 


to obtain cylinders 


The cylinders are fed into the welding 
station and pulses of electrical current 
form a continuous weld. 



Figure 9.2. Body forming and side seam welding (Brossard and Dionisi, 1991) 
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Figure 9.3. Manufacture of can bodies and ends (Brossard and Dionisi, 1991). 


9.2.2 Fabrication 


9.2.2.1 The Three-Piece Can 

The three-piece can is composed of a body and two ends. While usually 
cylindrical, the body can have other shapes (e.g., rectangular, truncated 
pyramid, etc.). It is formed from plain or enameled tinplate in accordance 
with the intended use. The ends are manufactured from tinplate or TFS in 
accordance with the intended use. One end is applied by the can 
manufacturer, called the manufacturer's end , whereas the other is prepared 
by the canner, and is called the canners end. 

The lateral sides of the body, after it was formed, used to be hooked 
together and soldered using a lead-tin alloy solder on automatic lines that 
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had speeds of several hundreds per minute. Since 1980, this equipment has 
been progressively replaced by automatic electrical welding machines capable 
of greater speeds. The sheet metal is cut into blanks or flats that have the 
required size, and the two edges are brought together to overlap by about 
0.4 mm. They are then pressed together between two circular electrodes 
(i.e., milling wheels) and welded (Figs. 9.2 and 9.3). The seam thickness is 
reduced further by compression of the metal by the milling wheels during 
the formation of the weld. 

The Soudronic welder (CMB, 1988) uses a type of resistance welding 
that is a development of spot welding. In spot welding, two pieces of metal 
are overlapped and clamped under pressure between point electrodes 
through which an electric current is passed to form the weld. Because of the 
resistance of the material to the current, heat is generated, and this, together 
with the applied pressure, creates the required conditions for welding to 
take place. In side-seam welding, the precut blanks are formed into the 
desired shape with the required overlap, fed through a pair of electrode 
rolls, and welded by an alternating current (AC). Each half of the AC wave 
forms a weld nugget, whose length depends on the machine speed and the 
frequency. Because of the small overlap of the material to be welded, close 
control of the cylinder position relative to the welding electrode rolls is 
important to ensure that consistent welding is achieved. The condition and 
setting of Z-bar, calibration cage, and welding rolls must be carefully 
maintained or weld faults will occur. Copper wire is continuously fed 
through the electrode rolls in contact with the tinplate to be welded to 
prevent contamination buildup. As the weld forms, the tin on the surface 
of the tinplate is deposited on the wire instead of the roll. The fabrication 
and application of the ends will be discussed later in this chapter. 

9.2.2.2 The Two-Piece Can 

The container body is formed from a flat precut from the sheet metal by 
stamping or a combination of stamping and deep drawing. 

Round and nonround forms are stamped from flats pre-cut from sheet 
aluminum alloy or steel precoated on both sides (Fig. 9.4). If the exterior 
surface is to printed (lithographed), then it is done on the sheets prior to 





Blank First Pass Second Pass Flanging Beading 

Figure 9.4. Two-pass fabrication of a two-piece can (Brossard and Dionisi, 1991). 
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being cut into the flats. The lithography is predistorted in a manner to 
compensate for the deformation that occurs during the stamping. The flats, 
in the form of a disk for a round can or more complex forms for other 
shapes, are cut or stamped from the metal sheets and shaped by stamping 
with a solid punch into a mold or die. The open end of the container 
formed is then flanged to permit the seaming of the end. Cans that have a 
height greater than the diameter are formed in a series of operations or 
passes, and are then beaded to provide more lateral strength. 

A combination of stamping and drawing is used to make round 
relatively tall cans from uncoated aluminum alloy or steel sheets. The 
follows several steps: 

• the aluminum sheet is uncoiled from a roll and lubricated; 

• cups that have the desired diameter but a depth less than the final desired 
height are stamped out in a cupping press; 

• wall ironers elongate and thin the wall of the cups by means of external 
"drawing sleeves," with the metal being supported by a punch inside the 
can. This operation is carried out under a lubricating spray in a manner 
that favors the drawing, on the one hand, and the removal of heat 
produced, on the other; 

• trimming to the required height; 

• the cans are washed and the surface treated to permit a good adherence 
of the coatings in the following sequence; prewash, acid wash, two fresh 
water rinses, deionized water rinse, application of surface treatment (M.E. 

40), drying; 

• outside decoration, printing of the graphics on the external face; 

• dome coating; 

• drying and baking in an oven; 

• depositing a coating on the interior by a spray piston, followed by drying 
and baking in an oven; 

• the constriction (necking) and flanging of the open end; 

• light integrity testing. 

In contrast to stamping, the stamping/drawing produces cans whose side 
walls are thinner than the base. The relative fragility of the side walls can 
be compensated for by a positive internal pressure (e.g., carbonated 
beverages or the fruit juices packed under nitrogen), which provides further 
resistance to lateral stress or by beading the walls. 

9.2.4.3 Covers 

The conventional ends or covers are formed from sheets of tinplate or TFS 
that have generally been coated on both sides: enamel on the interior; 
enamel or printing on the exterior. 

The manufacturing operations are: 
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Figure 9.5. Cross section of a conventional can end (Fisheries and Oceans, Canada, 
1989). 

• cutting a flat blank with the size required to make the end; 

• making the panel steps, which give the cover good resistance to the 
internal pressure and eventually to vacuum. 

• formation of the rim destined for the seaming; 

• deposition of the seaming compound followed by curing. 

The seaming or gasket compound material consists of a water or solvent 
dispersion of rubber deposited in the curl of the can end. The function is 
to effect a hermetic seal by filling the voids left after mechanical formation 
of the double seam. Its primary functions are to: 

• fill the void at the end of the body hook; 

• fill the end hook wrinkles; 

• prevent any seam areas having solely metal-to-metal contact. 

The formulation of the compound is designed for the contents (i.e., different 
for high-fat or -oil products like sardines in oil from those packed in water 
like fruit and vegetables). 

A cross section of conventional cover giving the nomenclature for the 
principle parts is shown in Figure 9.5. 

Covers that have an easy open feature are being produced in increasing 
numbers. The most common technique is the application of a localized 
scoring of the metal in association with a prehensile strip or ring (i.e., 
something to take hold of) (Fig. 9.6). They are made from an aluminum 
alloy or steel, coated on both sides; the external face can be printed. 



Figure 9.6. Cross section of can end with easy opening feature (Fisheries and 
Oceans Canada, 1989). 
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Blank 


O_r> 

Formation of rim and curl 


♦ * 



Deposition of seaming compound 


_ 

Bulb formation in three passes 







Making the center panel 



Localized scoring (cutting) 


Deposit pull tab or ring 


♦ 



Riveting pull tab 

Figure 9.7. Steps in the fabrication of an end with an easy opening feature (Brossard 
and Dionisi, 1991). 

The operations involved, illustrated in Figure 9.7, are: 

• cutting of a flat blank that has the size necessary to make the required 
cover; 

• formation of the rim destined for seaming and the curl; 
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• deposition of the seaming compound and drying; 

• pressing of the panel steps or ridges required to strengthen the cover 
against internal pressure; 

• fabrication in a series of passes, by a localized elongation of the metal to 
form a "rivet” to which the opening strip or ring will be attached; 

• localized scoring of the metal; 

• depositing and riveting the strip. 

9.2.2.4 Application of the End(s) 

This operation is a critical control point both in the can manufacturing and 
in the cannery after filling. The end provides the mechanical resistance to 
counter the effects of the internal pressure differentials that occur during 
thermal processing and cooling. When appropriately sealed, it also creates 
a barrier to gases, liquids, and microorganisms. The operation of sealing 
forms a double seam. Modern seamer design, backed up by expertise, and 
experience, has made this a very dependable operation, even when the 
production speeds exceed 1,000 cans per minute on the multiple head 
seamers. 

The double seam is formed in three operations (Fig. 9.8). First, the can 
body and the cover are brought together and clamped on a seaming chuck 
by a load applied vertically to the base plate or lifter. The first operation 
roll follows, in which the end curl is tucked under the can flange and 
interlocks it. In a second operation roll, the interlocked layers of metal are 
compressed, and the seaming compound is squeezed into the voids to 
complete the hermetic seal. Ends with an easy opening feature are seamed 
in the same manner; however, special chucks are required, as are 
adjustments for compression and tightness. 

Can manufacturers have established the dimensional specifications for 
the double seam for various types and sizes of cans. These find general use 
in setting up and adjusting the seamer and to inspect the quality of the 
seams during production. 

9.2.3 Shape and Size 

Metal containers come in a wide variety of sizes and shapes. Further 
variations are found in the type of coatings, metal thickness, and temper and 
opening feature. 

9.2.3.1 Size 

A variety of conventions are used to designate the can size. They are 
defined by their volumetric capacity (i.e., expressed in milliliters or fluid 
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Direction of compression 



Figure 9.8. Formation of a double seam (Brossard and Dionisi, 1991). 

ounces), by their dimensions (i.e., height and diameter in sixteenths of an 
inch or millimeters), or by a combination of a number and letter. Examples 
of the size designations used in North America is given in Table 9.2 for 
some of the more frequently used round cans. Of course, there is also their 
shape (e.g., round, nonround, rectangular, flat, etc.). In some countries and 
trading zones, the cans sizes have been standardized for specific products 
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Table 9.2. Size Designations for Cans Most Commonly Used in Canning 

Fruits and Vegetables (Lopez, 1986) 


Name 

Dimensions 8 

Capacity** 

6Z 

202 x 308 

6.08 

8Z 

211 x 300 

7.93 

8Z Tall 

211 x 304 

8.68 

No. 1 (Picnic) 

211 x 400 

10.94 

No. 211 Cylinder 

211 x 414 

13.56 

No. 300 

300 x 407 

15.22 

No. 300 Cylinder 

300 x 509 

19.4 

No. 1 Tall 

301 x 411 

16.70 

No. 303 

303 x 406 

16.88 

No. 303 Cylinder 

303 x 509 

21.86 

No. 2 Vacuum 

307 x 306 

14.71 

No. 2 

307 x 409 

20.55 

Jumbo 

307 x 510 

25.8 

No. 2 Cylinder 

307 x 512 

26.4 

No. 1-1/4 

401 x 206 

13.81 

No. 2-1/2 

401 x 411 

29.79 

No. 3 vacuum 

404 x 307 

23.9 

No. 5 

404 x 700 

51.7 

No. 10 

603 x 700 

59.1 



109.43 


Source : Lopez, 1986. 

a The dimensions are given in inches plus sixteenths of an inch, with the diameter 
given first; thus 307 x 306 is a can having a diameter of 3 3/16 in and a height of 3 
6/16 in. 

k The capacity is given in ounces of water at 20°C (68°F). 

and overall in order to effect economy and efficiency. For example, there 
is the EEC directive 80-2322 of January 15, 1980 (JOCE of February 25, 
1980), which lists the can capacities for use within the Community. Cans are 
also the subject of the following International Standards Organization (ISO) 
standards: 


• ISO 90 (December 1, 1986); definition and methods for determining the 
dimensions and capacities. Part 1: seamed cans; 

• ISO 1361 (November 1, 1983): internal diameters of round cans; 

• ISO 3004, which gives the standard capacity/diameter combinations. 

9.2.3.2 Shape 

There is the basic round can with a circular cross section, constant diameter, 
and parallel body walls; in effect, a cylinder. Shoulders or constrictions can 
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be added at either or both ends to facilitate stacking. Other features can be 
added, such as flattened or expanded walls, without changing the 
configuration of the ends to give a more attractive appearance, especially 
when creative graphics are added. There are round cans with tapered body 
walls so that the diameter of the two ends is not the same. This type of can 
is generally found among the two-piece cans, and has the added advantages 
that it can be nested during shipping, giving a greater weight-to-volume ratio, 
and it can also be stacked more easily in the retail shelves. 

There are the nonround cans that do not have a circular horizontal cross 
section. Among those found in this group are the rectangular oval and 
relatively flat oval cans, and the trapezoidal, with a constant cross section 
(i.e., cylindrical shape) or not (i.e., truncated pyramidal shape) if the walls 
are rectilinear. This category includes are cans that can best be described 
as dishes with a circular opening, but whose walls are generally conical, 
slanted, and made with fluting. 

The only limitations to the potential shapes of metal containers lies in 
the imagination and creativity of the manufacturers. The welded side seam 
has permitted manipulations inconceivable for the soldered side seam 
without sacrificing the integrity. 

9.2.4 Can Selection 

There are a number of factors that are involved in the selection of the 
appropriate metal container for a particular product and market. First, 
there is the obvious factor of size or capacity. Next is compatibility with the 
contents and desired shelf life. The container must be able to withstand the 
stresses imposed during the thermal processing and cooling as well as the 
subsequent handling, which includes transportation, storage, and distribution. 
It must present an attractive package to the consumer. Consumer service 
is also involved in the choice of such features as easy opening. 

9.2.4.1 Processing 

The filled and sealed can must be able to withstand the pressure differentials 
normally encountered during the thermal processing. The internal pressure 
increases during the heating phase and remains during the initial stages of 
the cooling phase. The point at which there is an actual positive internal 
pressure depends upon the degree of vacuum at closure and the quantity of 
residual air remaining in the sealed can. The vacuum is partially restored 
during the cooling phase and is completed during storage. 

Excessive internal pressures can cause permanent deformation defects, 
such as buckling of the end plate, whereas excessive external pressure can 
cause paneling of the body. The following measures are taken to counteract 
the effects of the pressure differentials: 
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• use of a body plate that has sufficient wall thickness and hardness to 
withstand the pressure differentials induced during the processing; 

• beading of the body to increase resistance; 

• adaptation of the profile or contours of the ends, to improve their 
flexibility; 

• regulation of the fill temperatures; 

• where necessary, the use of overpressure during thermal processing and 
cooling. 

9.2.4.2 Can Handling 

At all times the filled, sealed cans should be handled in a manner to protect 
them from damage that may cause defects and subsequent microbial 
contamination. Poorly designed or incorrectly operated conveying and 
loading systems can and do cause damage. 

Palletized cans can be stacked four to five palettes high, as long the 
following precautions are taken: 

• cans have sufficient axial load resistance; 

• floors are consistently even; 

• pallets are in good condition; 

• care is taken in the transfer and stacking, without shocks or blows. 

9.2.4.3 Container/Contents Compatibility 

The factors that determine the container-content compatibility are: 

• product type; 

• processing procedures; 

• conditions of storage, distribution, and sale; 

• type of packaging. 

The reaction of foods to the metals in cans varies. It is primarily a 
function of their composition with reactions that vary from relatively neutral 
or passive to aggressive. The type of reaction is dependent upon the 
contents and the metal (e.g., steel or aluminum). Canned foods can be 
classified by the intensity of the reaction to packaging materials. There are 
products that are relatively neutral of passive, such as most vegetables (e.g., 
peas, mixed vegetables, kidney beans, com, etc.), fish packed in oil (e.g., 
sardine, tuna), prepared entrees, meats, pates, pet foods, jams/jellies, or 
cream desserts. Some vegetables, like green beans, salsify, celery, and 
mushrooms, fish packed in water (e.g., tuna), and various entrees cooked in 
sauces (i.e., with wine or tomato) exhibit moderate aggression or activity. 
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There are also those products that are very aggressive, such as acidified 
vegetables and meats, fish in acid marinades, red fruits, and tomato 
products. 

The activity is directly related to certain components of the foods and 
their concentration. Chlorides and organic acids (e.g., acetic, citric, lactic, 
malic, oxalic) react with both steel and aluminum. Nitrates and nitrites 
found in some vegetables and fruits, certain metabolic products like 
triethylamine oxide in fish, phenolic compounds like anthocyanins of red 
fruits, tannins of chestnut, and accidental residues of phytosanitary products 
(e.g., sulfur in all its forms, copper, etc.,), or prior preservation treatments 
(i.e., SC >2 in fruit juices) can all react with tinplate, whereas there is little 
reaction with aluminum. Synergistic reactions can accentuate the overall 
aggressiveness. For example, the nitrate effect is increased at acid pH. 

Heating can cause the formation of various corrosive substances in 
foods, such as the degradation products of sugars like hydroxy-methyl- 
furfural (concentrated tomato products) and compounds formed from the 
Maillard reaction, that can attack the interior coatings of the packaging. 
The more intense the heating is in terms of time and temperature, the more 
both the quantity and rate at which these compounds are produced and, of 
course, their attack on container linings increases. This activity is 
accentuated by slow postprocess cooling. Increased concentrations of air, 
hence oxygen, in the head space of the cans at the time of their closing is 
also a frequent cause of corrosion (as well as organoleptic and nutritional 
degradation of the can’s contents). 

Once initiated, these reactions will continue during storage and 
distribution of the canned product. In this phase, temperature and time are 
the prime factors that control both the rate and the extent of the activity. 
It is a well-established fact that the reaction rate for corrosion for any 
chemical reaction is at least doubled for each 10C° (18F°) increase in 
temperature. In canned foods the temperature effect varies between two 
and four times depending on the physicochemical characteristics of the food. 
Shelf life tests have been carried out on canned foods at temperatures from 
20^C to 40^C. Accelerated shelf-life testing (Labuza and Schmidl, 1985) for 

canned foods has shown that the reaction rates were increased three times 
for each 10C° increase in temperature and incubation at 35 U C for 6 months 
corresponds 31 months at 20^C. Numerous publications have discussed the 
corrosion factors and the interactions between the canned foods and their 
metallic containers. The most recent of these are Marshall (1987) for 
tinplate and Argenliew (1980) for aluminum. 

9.2.4.4 Container Type 

The selection of a can type appropriate for the contents is an important 
factor in the shelf life. Cans with a variety of internal coatings of the bodies 
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Table 9.3. Types of Two-Piece Aluminum Cans 



Low 

Average or high 

Cans 

(ratio < 0.7) 

(ratio > 0.7) 

Enamelled interior 

s 

R 

s 

R 

Can types 

E 

F 

G 

H 


are offered to the canners. The ends are generally always coated internally. 
The types of tinplate cans referred to in Table 9.3 are: 

2 

• type A: uncoated tin plate, abundant tin (> 8.4 g/m ); 

• type B: enameled body 1 layer on tin of 2.8 g/m , 

• type C: enameled body 1 layer on higher tin levels (> 5.6 g/m^); 

• type D: body enameled 2 layers, on higher tin levels (> 5.6 g/m z ). 

For the two-piece drawn aluminum cans, the factors are the height-to- 
diameter ratio and whether the container is not reinforced [i.e., has a 
straight body (S) or is reinforced by beading (R), as shown in Table 9.3]. 
The recommended optimal shelf life (OSL) for various foods and container 
types is given in Table 9.4. The shelf-life figures are only guidelines; the 
canner should consult with the container manufacturer and carry out testing 
for specific products. 

9.3 GLASS CONTAINERS AND METAL CLOSURES (CAPS) 

9.3.1 The Glass Container 

The chemical and physical properties of glass make it an ideal container 
material for canned foods. It is a chemically stable material. However, in 
long-term storage against aqueous solutions, and most particularly against 
acid foods, a very small amount of the alkali may extract from the glass, and, 
in some instances, lesser amounts of SiC >2 or silica. These materials are 
commonly found in all food products; therefore, the glass container is 
considered quite inert and is nonadditive in the packaging of most, if not all, 
food products. It does not support or facilitate microbial growth on its 
surface, and like metal it is impermeable to gases, liquids, bacteria, and 
odors. One very apparent characteristic of the glass container is its 
transparency. While the visibility of the product contained is attractive to 
the consumer, it does impose restrictions on the canner as to the appearance 
of the product. 

Commercial glass jars are formulated and designed to withstand the 
thermal shocks normally encountered in the canning process. The maximum 
temperature shock as measured by the temperature differential is generally 



314 


FOOD CANNING TECHNOLOGY 


Table 9.4 Recommended Optimal Shelf-Life (OSL) for Various Products 


and Container Types 


Product 

OSL 

(years) 

Can types 

Vegetables 

asparagus 

2 

A 

c 


J 

5 

E,H 

red beets 
natural 

2-3 

B 

acidified 

2-3 

D 

Paris mushrooms 

2-4 

A,B 

carrots 

3-4 

B,C 


4 

H 

spinach 

3 

B 

beans, kidney beans 

5 

H 

3-5 

B 

green beans 

5 

G,H 

2-3 

B 


3 

C 

macedoine 

4 

H 

corn 

4 

B,H 

peas 

4 

B,G,H 

4-5 

B 

peas and carrots 

5 

G,H 

3-4 

B 

salsify 

4 

H 

acidified vegetables 

2-3 

9 

C 

n 

tomatoes 

• • 

3 

L/ 

F.H 

juice 

peeled, ground 

2-3 

A,C 

concentrates 

2-3 

c 

Fruits 

2 

c 

apricots 

pineapple 

bigaroon 

2 

3 

A,D 

A 

white fruits 

2-3 

D 

peaches, pears 
mixed, cocktails 

3-4 

A 

stewed 

3 

A 

Meats 

4 

A,F,G 

prepared entrees 

3-4 

B,C 

pates 

3-5 

E,F,G,H 

Fish 

3-4 

B,C,E 

with oil 

4-5 

B 

plain 

5 

E 

with sauce 

3-4 

B 


3-4 

B 

with marinade 

3-5 

E 


2-3 

C 

in mixed salads 

4-5 

F 

Miscellaneous 

3-5 

F,G 

cream desserts 

3 

B,C 

escargots 

5 

E,G 

pet foods 

4 

c 

2-3 

B 
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45C°. However, they can withstand wider temperature differentials, but 
under certain conditions these should only be undertaken in consultation 
with the container manufacturer. They are also designed to resist the 
mechanical shocks normally encountered in a well-designed and, maintained 
filling and packaging line. Their resistance to vertical pressure allows the 
application of various capping methods and stacking. 

The commercial glass jar has a collar or band called the finish that is 
designed specifically for the application of a hermetically sealed enclosure. 
Most have a wide opening to permit filling with a wide variety of products. 
An almost unlimited variety of shapes and sizes ranging from capacities of 
a few milliliters up to several liters are available to the canner. Specially 
designed jars can give a canner the opportunity to personalize the shape of 
the container to highlight some particular aspect of the product quality or 
attraction or the individual brand. The external surface can be enhanced by 
graphic labeling or other applied decorations. The nomenclature used in the 
description of a glass container is given in Figure 9.9. 

While the manufacture of glass containers is not within the scope of this 
text, there are some aspects that are important to the end user, in this case 
the canner. These are the exterior surface treatments given to the jars. The 
mechanical performance of a glass container is largely determined by the 
condition of its surface. In the handling and processing, it is important that 
the bruising, scratching, or galling of the external surfaces be kept to a 
minimum. To protect the contact surfaces, two types of treatments are used. 



Figure 9.9. Principal features of a glass container (APELOVER, 1991). 
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One is known as the hot-end treatment, in which coatings are applied on 
the outside surface of the container before it enters the annealing oven. The 
coatings are oxides of metals, such as tin or titanium, that are deposited on 
the surface from dry air-diluted chlorides of the metals. This produces a 
coating somewhat harder than the glass to which it tightly adheres and 
provides the mechanical protection. The other is known as the cold-end 
treatment, which is applied as the container exits from the annealing. The 
coating materials may be very dilute aqueous solutions of complex soaps, 
dispersions of plastic materials such as polyethylene, fatty acid derivatives, 
and others. The coatings, which are invisible to the naked eye, provide a 
very effective lubricating effect and do not alter the handling characteristics 
nor the labeling of the container. 


Table 9.5 General Characteristics of the Common Types of Caps 



Twist-Off 

or 

Eurotwist 

Eurocap 

and 

Eurocap X 

Pry-Off 

Press-Twist 

(PT) 

Deep-Press 

(DP) 

Metal used 

tinplate or 

TFS a 

tinplate 

tinplate or 

TFS a 

tinplate or 

TFS a 

tinplate or 
TFS a 

Nature of 
sealant 

PVC deposited 

PVC deposited 

Butyl rubber 

PVC molded 

Butyl rubber 

Sealing 

principle 

horizontal 

horizontal 

lateral 

horizontal and 
lateral 

lateral 

Cap 

tightness 

by internal 
vacuum plus 
hooking of cap 
lugs 

by mechanical 
hooking plus 
internal vacuum 

by internal 
vacuum 

by internal 
vacuum 

by internal 
vacuum 

Security 

button 

(FLIP) 

on demand 

on demand 

not available 

available 

available 

Closure 

screwing under 
vacuum 

crimping under 
vacuum 

by vertical 
pressure under 
vacuum 

by vertical 
pressure under 
vacuum 

by vertical 
pressure 
under vacuum 

Internal 

pressure 

behavior 

none 

existent 

none 

none 

none 

Opening 

by unscrewing 

with the aid of a 
lifter 

with the aid of 
a lever applied 
at the shoulder 
of the glass jar 

by unscrewing 

with the aid of 
a lever 

applied on the 
transfer bead 
or the jar 
shoulder 


a I Tie current nomenclature tin tree steel (' i ’FS) has been replaced by the standard designation 
of electrolytic chrome/chrome oxide coated steel (ECCS). 
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The bonded cold- and hot-end coatings give superior performance 
characteristics to the glass container of today. The protection of the surface 
results in improved performance and uniformity and a container that flows 
easily through filling lines without abrasion or scratching at any position 
along the line. 

Empty glass containers are generally shipped in corrugated cartons on 
pallets. The cartons are specifically designed for the particular container and 
contain protective dividers. The cartons can have labeling and graphics that 
identify the canner, brand name, and so on, of the final product. Some 
canners prefer to receive the empty containers stacked in layers interspersed 
with disposable cardboard liners and completely covered by a heat-shrunk 
plastic envelope. The height of a fully charged pallet is generally 2 meters. 
Each pallet should have a label or notice attached that identifies the 
container lot. 



TWIST-OFF / EURO-TWIST 



EUROCAP 


butyl rubber seal 


closure of seal 
the rolled rim 

pry-off 
shoulder 



PRY-OFF 


sealant 




DEEP PRESS 

Figure 9.10. Closure profiles of the common caps (APLELOVER, 1991). 
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9.3.2 Metal Closures 

The various metal closures that are used in food canning are: 

• Twist-off or Eurotwist, 

• Eurocap and Eurocap X, 

• Pry-off, 

• Press-twist (PT), 

• Deep-press (DP). 

The metal closure along with the sealant is designed specifically for each 
type of glass finish to permit the attainment of a proper seal and efficient 
closure. The characteristics of the different closure types are given in Table 
9.5, and their design is illustrated in Figure 9.10. 

For shipping and storage, the nonstackable caps are packed in bulk in 
cartons, with or without plastic liners, and the stackable caps in overwrapped 
rolls. The cartons are palletized and either shrouded or strapped. Each 
carton should be labeled to identify the contents and manufacturing lot. 
Staples should not be used to close the cartons because they may 
contaminate the closures. 

9.3.3 Handling Empty Jars and Their Closures 

During handling and transportation, all necessary measures to avoid 
damaging their packaging (e.g., puncture of the shrouds, tearing of the 
cartons, breakage of the recyclable pallets, etc.) should be taken. Pallets of 
the jars and their caps should be stored in dry areas, and protected from 
contamination and sudden and extensive temperature variations (i.e., above 
freezing for the caps) in order to avoid condensation. 

When depalletizing or removing empty jars from the shipping cartons, 
every measure should be taken to avoid shocks that could result in damage, 
particularly in the area of the finish. Prior to filling, the empty containers 
should be inverted and aspirated to eliminate any internal foreign material 
contamination that may have occurred during their storage, transportation, 
and handling. Glass fragments that may have contaminated the empty jars 
during their manufacture, handling, packaging, transportation, storage, and 
so on are of particular concern. Hygienic codes of practice for canned foods 
recommend that empty containers be washed just prior to filling. During 
this operation, the recommended temperature ranges applicable to glass 
containers should be respected to avoid any undue thermal shock. In the 
case of hot-fill products, it is recommended that the glass containers be 
tempered by preheating prior to filling in order to minimize any temperature 
shock during the hot fill and to decrease the use of heat in the thermal 
process. This is generally done in the washing operation. The closures 
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should be unpackaged and handled in a manner that will not adversely affect 
their cleanliness, their geometry (shape), the sealant, or their protective and 
decorative coatings. 


9.3.4 Filling 

In addition to the various legal and regulatory requirements, there are 
certain rules concerning the precision and accuracy, the temperature, and the 
cleanliness of the filling operation that should be followed. 


9.3.4.1 


Head Space and Closure Vacuu 


II 


The head space is required to provide space for the condensation of the 
steam that may be injected or generated at the time of closure (i.e., hot fill, 
steam injection, or flushing) to produce the required vacuum and into which 
the product may expand during the thermal treatment. The head space 
vacuum is critical in the attainment of a hermetic closure for most caps. In 
general, the head space should be at least 7% of the total volume of the 
glass container. In some particular cases where the fill temperature is at 
least equal to 85°C, the head space can be reduced, but at no time should 
it be less than 5% of the total container volume. Specifications for some 
caps (e.g., PT caps) require a minimum height of the head space. 

Most metal caps for large openings require an adequate head space 
vacuum to: 


• complete engagement of the pry-off, press-iwist, and deep-press caps, 

• guarantee a hermetic seal, 

• limit the internal pressure developed in the container during thermal 
processing, 

• limit the quantity of residual oxygen that at certain levels can adversely 
affect the product organoleptic and nutritional qualities and lead to the 
eventual corrosion of the caps. 

The head space vacuum is obtained either by a combination of hot fill 
and the injection of steam into the headspace at closure that displaces the 
air in the head space and creates a vacuum upon condensation or the 
application of mechanical vacuum during the closure operation. 

9.3.4.2 Fill Temperature 

Whenever the type of product permits, glass containers that are going to be 
submitted to a thermal treatment should be filled, including any cover 
liquids, at as high a temperature as possible. In addition to the economy in 
heat energy, the internal pressure developed during thermal processing will 
be minimized. 
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9.3.4.3 Seal Area 

After filling and before closure, the finish area of the glass container should 
be free of any material (product or other) that may affect the eventual 
attainment of a hermetic seal. 

9.3.5 Coding 

Each container should be marked with an identifying alphanumeric code that 
is permanent, legible, and does not adversely affect the container integrity. 
Where the container does not permit the code to be embossed (e.g., metal 
caps should not be embossed), the label may be legibly perforated or 
otherwise marked and securely affixed to the product container at the time 
it is packed. The code shall identify the establishment in which the product 
was thermally processed, the product, the year, and the day of the year when 
thermally processed. 

In addition to the legal and regulatory requirements with respect to the 
coding, it is important to ensure that the methods employed do not alter the 
efficacy or the quality of the seal provided by the cap. In particular, the 
coding or marking of the caps by stamping should be prohibited. 

9.3.6 Washing Filled Sealed Glass Containers Before Thermal Processing 

Jars soiled with fatty material (e.g., this can be the case with meats, meat 
pastes, prepared entrees, etc.) should be washed before their thermal 
treatment. Any detergents used in this operation should not be aggressive 
with respect to the caps when used at recommended levels, and these 
recommendations should be respected. The washing operation should not 
significantly lower the temperature of the contents, and this should be 
verified by appropriate tests and measurements. 

9.4 PLASTIC CONTAINERS 

Most plastic materials are impermeable to liquids and microorganisms, 
whereas there is considerable variation in their permeability to water vapor 
and gases. Some are relatively impermeable to water vapor only, whereas 
others are impermeable to gases like oxygen or carbon dioxide gas and not 
to water vapor. Their mechanical and thermal resistance also varies. 
Fortunately, the advantages of each type can be combined with others to 
produce a material that will have the desired attributes. There are two basic 
components to any such combination: a barrier material that has a high 
impermeability to gases and a support material that provides the required 
physical and thermal resistance as well as an impermeability to water vapor. 
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Table 9.6 Thermal Stability, Barrier Characteristics and Relative Costs of 


Some Thermoplastic Materials. 


Plastic 

Material 

Stable at 
Temperature 

(°C) 

Impermeability 

Cost and Ease 
of Use 

Oxygen 

Water 

Vapor 

Polypropylene PP 

130-140 

slight 

excellent 

good 

Crystallized 

220 

average 

average 

average to poor 

Polyester CPET 





Polycarbonate PC 

160 

very slight 

slight 

poor 

Polyamide PA 

130-160 

average 

slight 

poor 

Polystyrene PS 

60-100 

very slight 

slight 

poor 


9.4.1 MATERIALS 

Generally, only plastics that can be reversibly thermally transformed from a 
rigid state to a plastoelastic or rubberlike state (i.e., thermoplastics) are used 
in food packaging. Their fluidity increases progressively as the temperature 
increases in order to attain a true fusion or paste; the opposite is true as the 
temperature is lowered. The more common thermoplastics are: 

• the polyolefins (HDPE, LDPE, PP), 

• the polyvinyl chlorides (PVC), 

• the saturated polyesters (PET), 

• the polyacronitriles, 

• the styrene copolymers (PS), 

• the polyamides (PA), 

• the polycarbonates (PC), 

• the "high barrier" resins. 

The thermal stability, permeability, and relative costs of some of these 
materials are rated in Table 9.6. 

This discussion will be limited to those materials that are used for the 
manufacture of canned food containers. The plastics listed earlier are 
universally accepted for food contact with respect to their chemical 
composition and the risk of migration of their components into the 
contained products. Lamination of two or more plastic materials together 
combines the advantages. The general structure of such a laminate is 
schematically shown in Figure 9.11. 

9.4.1.1 Support Material 

The support is often a combination of two or more materials or layers, such 
as a food contact layer, and an external layer for appearance, antistatic 
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support 



support 


Figure 9.11. Cross-sectional structure of a typical laminate (Belmont and 
Petitdemange, 1991). 


properties, and so on. Its barrier properties with respect to gases, specially 
oxygen, is generally of little importance, whereas its impermeability to water 
vapor should be very high. A light barrier can be achieved by the addition 
of titanic oxide up to a concentration of 4%. 

The two materials of this type are the polypropylenes (PP), used for 
containers that will undergo thermal processing, and the polystyrenes (PS), 
used in aseptic packaging. The PP have a translucent slightly white 
appearance, good rigidity, and thermal stability in that they can resist 
deformation at sterilization temperatures (121°C). They are resistant to 
alkalis, salt solutions, and nonoxidizing acids, and exhibit good water vapor 
barrier properties; however, they are permeable to gases (e.g., oxygen, 
carbon dioxide, etc.). Antioxidants, lubricants, and neutralizing compounds 
are generally added. They can be used for any injection or extrusion 
fabrication process and are generally approved for food contact. The PP 
homopolymer becomes more fragile as the temperature approaches 0°C 
(32°F). However, copolymerization with 3-7% ethylene produces a material 
that has a good shock resistance up to -35°C. 

The various PS polymers are resistant to nonoxidizing acids, mineral 
alkalis, and lower alcohols, whereas the ketones, aromatic hydrocarbons, 
halogenated products, and some aromatic compounds either dissolve them 
or cause them to swell. They have only a moderate thermal resistance with 
a maximum of 50-95°C (122-203°F) and a minimum of -10—20°C (14— 
4°F). The crystalline forms are very transparent, and while they are rigid 
and hard they are subject to impact damage (cracking). The impact 
resistance can be greatly improved by biorientation. Its crystalline matrix 
makes it quite permeable, particularly to gases. To overcome the fragility 
of the PS homopolymer, a shock polystyrene can be formed by mixture with 
polybutadiene or copolymerized with butadiene. While the presence of 
butadiene decreases fragility, there is an appreciable decrease in the 
transparency and rigidity as it level is increased. The gas permeability 
remains unchanged from that of the original PS. 

9.4.1.2 Barrier Materials 

Two materials, the copolymers ethylene/polyvinyl alcohol (EVOH) and 
polyvinylidene chloride (PVDC), are currently used for their gas barrier 
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Table 9.7. Comparison of the Advantages and Disadvantages of EVOH and 


PVDC 

Material 

Advantages 

Disadvantages 

EVOH 

Excellent barrier to 
dry eases 

Easily recycled 

Good resistance 

Impermeability varies with the 
hydration state 

Not impermeable to water 
vapor 

Limited to certain temperatures 

PVDC 

Good barrier to water vapor 
and gases 

Barrier properties not sensitive 
to moisture 

Good extensibility 

Presence of chloride ions 

Impermeability varies with 
temperature 

Bad UV resistance 

Fragile 


properties, each having advantages and disadvantages (Nonni, 1985; Muneki 
Yamada, 1987; Chretien, 1989). The two barrier materials are compared in 
Table 9.7. 

The copolymerization of polyvinyl alcohol (PVAL) with ethylene 
decreases its extreme sensitivity to water and produces a polymer with 
excellent gas barrier properties capable of being extruded to fabricate 
packaging materials. The gas impermeability, particularly with respect to 
oxygen, is excellent (up to 1000 times greater than that of PVC) and 
depends upon the levels of ethylene and moisture in the copolymer. 
Anhydrous EVOH is about 50 times more impermeable to gases than an 
EVOH with around 95-100% relative humidity. As the temperature is 
increased, the impermeability of EVOH decreases. It has a resistance to 
solvents that do not contain the hydroxyl (OH) radical superior to that of 
the polyolefins, as well as good elasticity and surface hardness, which gives 
it an excellent wear resistance. 

PVDC has excellent barrier properties to both gases and water vapor 
impermeability. Some types can have an oxygen impermeability equivalent 
to that of anhydrous EVOH with 45% ethylene, which is relatively 
unaffected by the degree of hydration of the polymer. However, it does vary 
slightly more than that of EVOH with respect to temperature. It has good 
chemical resistance, particularly with respect to acids, alcohols, and fatty 
products. Despite the copolymerization, the thermal instability of extrudable 
PVDC presents problems. Any metal making contact with the PVDC in its 
melted state must be an unoxidizable alloy and not contain iron. In 
addition, fabrication wastes are not easily recycled. Its maximum use 
temperature (in sandwich structure) is 130-140°C 

The gas barrier properties of the various materials are compared in 
Table 9.8. 

The reaction of EVOH can be masked by the appropriate positioning of 
the layers and choice of materials in a laminate. A structure that is 
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Table 9.8 Comparison of the Gas Permeabilities of the Various Materials 


Water vapor: gmm/m 

2 /24 hours Other gases: cm 3 mm/m 2 /24 bar hours 

Conditions 

90% RH - 38°C 

0% RH - 23°C 

Plastic Material 

Water Vapor 

Oxygen 

Carbon Dioxide 

EVOH 

0.6-1.5 

0.004-0.03 

0.012-0.14 

PVDC 

0.02 

0.02-0.06 

0.04-0.2 

Polyester PET 

0.8-1.5 

1.8-4 

7-16 

PVC rigid 

1.1 

3.9 

10 

Polycarbonate PC 

4 

105 

350 

Polyolefins 




HDPE 

0.16 

90 

320 

PP 

0.2 

85 

250 


asymmetrical with respect to thickness can significantly improve the overall 
impermeability, on the condition that the EVOH is in the external layer 
where the relative humidity is less than 100%. For the packaging of very 
moist products, EVOH is combined a material that has a high water vapor 
barrier (PE or PP) for the food-contact surface, a material that has a low 
water barrier is applied externally, which permits a more rapid evacuation 
of the moisture from the EVOH toward the ambient environment. Because 
of the sensitivity of EVOH to water, when a multilayered structure 
containing it is sterilized in moist heat, its oxygen impermeability is seen to 
be significantly reduced (i.e., around 50 times) during the thermal process. 
According to the actual structure employed; however, the initial 
impermeability is gradually regained after 1-30 days of drying. 

9.4.1.3 Adhesive Materials 

Adhesives are used to join the support and barrier components of a 
laminate. A plastic material whose base is analogous to the support material 
is generally used and will adhere naturally to the support. A 
copolymerization permits the addition of specific groups that will adhere to 
the barrier material. 

9.4.1.4 Recyclability 

The scraps of plastic that result from the production of dishes, cups, and so 
on, and in particular the "cutouts" from the forming, can represent up to 
50% of the original material. It is economically and environmentally 
advantageous for these to be recycled. These scraps can be ground and 
remelted to form a "blend" that is then fabricated to form one or two 
supplementary layers. A structure like "PP/recycled/adhesive/barrier/ 
adhesive/recycled/PP" is a good example of this usage. 
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9.4.2 FABRICATION 

The plastic materials to be used are selected according to the intended end 
use. In canning, there are two principal categories, both of which are 
dependent upon the thermal process temperature, sterilization (>100°C or 
212°F), and pasteurization (<100°C). Containers used in aseptic fill 
procedures are not subject to this restriction. 

9.4.2.1 Containers for Sterilization Processes 

Products that have a pH > 4.6 and a water activity > 0.85 are generally 
processed at temperatures > 100°C (212°F) to attain commercial sterility 
(i.e., biological stability). Laminates are formed from the individual plastics 
that together will give the material the required thermal resistance as well 
as the other requirements for canned food packaging. There are two 
processes primarily used to fabricate the plastic containers used in 
sterilization processing: molding and injection/blowing. 

In the molding process, the selected plastic materials are laminated 
together in sheets from 200 to 1000 m long (depending upon the material 
type) and from 0.8 to 2 mm thick, of which 3-10% is the barrier material 
(e.g., Ono, Metal Box, and Cobelplast, etc.). The laminate, which generally 
contains six or seven layers, is formed by coextrusion. A separate extruder 
is used for each layer. The distributor of an extruder is critical as it is the 
master control for positioning and maintaining the different layers parallel 
just before their conformation into a continuous sheet, as illustrated in 
Figures 9.12 and 9.13 (Lefevre, 1988). 

The containers are fabricated by a thermoforming operation in which 
the laminated sheets are first preheated, then drawn over and placed on the 
surface of the molds. The plasticized laminate is pushed into the molds to 
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Figure 9.12. Coextrusion of five layers, Ono (Belmont and Petitdemange, 1991). 
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Figure 9.13. PP-EVOH-PP structure, Ono (Belmont and Petitdemange, 1991). 

take on the configuration of the mold (Fig. 9.14). PP, which is widely used 
as a support material, is difficult to thermoform and requires considerable 
knowledge and experience on the part of the transformer for this operation. 

The forming is actually carried out in stages, as illustrated in Figure 
9.14. The laminate is continuously preheated (1), usually by infrared or 
contact, to a temperature appropriate for the plastic materials used. The 
preheated sheet is placed on the mold and given the initial deformation 
mechanically by a piston that has the approximate shape of the container to 
be produced (2). The initial deformation is made to conform to the exact 
dimensions of the mold either by the application of air pressure into the 
cavity or by aspiration of the mold cavity (3). The overpressure or aspiration 
is maintained while the shaped object is cooled (4). The piston is then 



Figure 9.14. Stages in thermoforming containers (Farrell, 1990). 
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Figure 9.15. OMNI process (Farrell, 1990). 


withdrawn, the mold is opened, and the formed container is released. The 
final phase is the separation of the formed container from the sheet by a 
stamping/cutting operation. The cut-out residue, which can represent up to 
50%, by weight, of the original sheet, is recycled to form the special layers 
referred to earlier. This is the process most commonly used to fabricate 
containers to be used in sterilization processes. 

Injection/blowing is another process that is used to fabricate containers 
from plastic laminates. An industrial example is the Omni-Can of American 
Can (Fig. 9.15). 

A five-layer laminate (support/adhesive/barrier /adhesive/ support) is 
given an approximate shape by coinjection. The rough form is kept at an 
appropriate temperature and is placed in a cold mold. Compressed air is 
introduced, which pushes the material up against the walls of the mold and 
gives the final shape to the container. There are advantages and 
disadvantages to this method as compared with that of thermoforming. The 
advantages are that the walls of the container can have a more precise 
geometry than is the case with those molded from a sheet, and there is no 
scrap to be recycled. The disadvantages are that there are fewer possible 
variations in the precise structure of the laminate (i.e., thickness of the 
layers, materials that can be used), and there is a limitation to circular forms 
for the deeper containers. 
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9.4.2.2 Containers for Pasteurized Products 

Because most pasteurization processes are far less intense than those used 
for commercial sterilization, a wider selection of plastic materials can be 
used. The selection may also depend upon whether the product is to be 
heated in the container or prepasteurized and filled hot. 

Single-plastic material containers can be used for pasteurized products 
in which the thermal process is < 100°C. The Step Can container (CMB 
Packaging) is one example in which the PET is first thermostabilized so that 
it can resist deformation at temperatures exceeding 100°C. A cylinder of 
the pretreated polyester forms the container body with two metallic (i.e., tin 
plate) covers being seamed onto the ends for the conventional cans, which 
gives the finished container. This combination container is used for packing 
fruits in syrup and acidified vegetables. Another example is the 
thermostabilized PET bottle (Kerplas), which involves a complex 
thermostabilization process with several stages. A 1.5-L bottle can be made 
that can resist deformation when pasteurized at temperatures around 
72-75°C, such as is encountered in carbonated beverages. 

Ketchup is a good example of a prepasteurization and hot-fill process. 
The bottles are formed by a combination of coextrusion and blowing in 
which the rough form is obtained by a continuous coextrusion process 
analogous to that used for the manufacture of the laminated sheets. 
However, in this case it is formed into a tube that is then compressed against 
the walls of a cold mold by the injection of compressed air giving the final 
definitive shape to the container. There are scraps produced during the 
formation (from the collar and the tube seam) that should be recycled. The 
structure generally used contains six layers: support/adhesive/barrier/ 
adhesive/recycled material/support. 

9.4.3 FILLING AND CLOSURE 

After conventional filling, the containers are closed, either by seaming with 
a metal cover, or by heat sealing with a barrier film of metallic or non- 
metallic base (Sirbat and Petitdemange, 1989) (Fig. 9.16). Thermoformed 

containers (e.g., dishes, cups, etc.) are closed by a heat-sealable plastic 
laminate cover, usually with an aluminum layer to provide a complete 
barrier. Modern machines have additional equipment to remove food 
product from the sealing surface of the container by using compressed air 
jets and minimizing seal defects and loss of integrity. Seal reliability has 
been improved by the application of a fusion band forged onto the sealing 
surface of the container. They can also induce a negative pressure (i.e., 
vacuum) or an inert gas into the head space at the time of closure, thus 
eliminating as much air as possible and prolonging the shelf life of the 
product. However, the speeds of such machines still remain modest, 
generally less than 200 units/minute. 
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Figure 9.16. Profile of a thermostable film (Belmont and Petitdemange, 1991). 

The basic requirements of lidding materials suitable for use with heat 
processed foods in plastic containers are those that will protect the product 
through processing, storage, and distribution up to the end of the prescribed 
shelf life and consumer convenience. 

9.4.3.1 Preformed Covers 

Metal covers similar to the metal can ends adapted for plastic bodies are 
used, and the closure technology is very similar to that employed for metal 
cans. There are also essentially plastic lids with and without the inclusion 
of an aluminum foil. In either case, the covers must have the required 
barrier properties and permit effective closure. The increased use of 
microwave ovens to reconstitute foods has increased the demand for plastic 
lidding materials. 

9.4.3.2 Flexible Lidding Materials 

Those containing an aluminum foil have a heat seal coating of high-density 
PP or high-density polyethylene. The relatively thin aluminum layer is prone 
to stress cracking during the retorting process. To give added protection an 
outer film of polyester is often laminated to the foil. As for the preformed 
lids, the laminates must provide an outer heat-resistant film (i.e., polyester, 
nylon), a barrier material, and a heat seal layer. Special adhesives are 
required to form the laminates that will withstand the sealing and processing 
conditions as well as ensure that both global and specific migration limits in 
relation to the food are met. 

9.4.3.3 Easy Opening Features 

When totally compatible plastics (e.g., identical polymers) are used as the 
heat sealing surface of both the lid and the container, a very strong seal is 





330 


FOOD CANNING TECHNOLOGY 


obtained. Therefore, to open the container it is necessary to cut around the 
inside rim of the tray and remove the lidding. When the product is to be 
reheated in the container, a suitable plastic cover (e.g., PP or polyester) 
should be used to cover the opening to prevent splashing of the contents. 
Peelable seals that permit the removal of the lid with maximum consumer 
ease while still maintaining seal integrity has been a major development 
area. A number of systems are available. 

One system is based on cohesive failure or defoliation. With this type 
of seal, the sealant layer on the lidding material breaks down when the lid 
is pulled to open and leaves a very thin-layer film attached to the container 
in the heat seal area. This involves a highly sophisticated sealant film 
capable of giving the peelability and good retort stability. Thus, the 
consumer can partially open or pierce the lid so that steam developed during 
the heating in a microwave oven can be released and can be completely 
removed upon completion of the heating. 

Another is based on delamination, which is similar to the previous 
system except that all of the sealant ply in the area of the seal is removed 
from the rest of the lid. The amount of film left on the container is much 
greater and more unsightly. 

There is a system that is adapted from the easy opening covers used for 
metal cans in which parallel notches are scored into the sealing surface. 
When the lid tab is pulled, the surface layer of the tray breaks away and is 
removed with the lidding material. 

Finally there is a mechanical peel system from which it is possible, by 
the appropriate selection of dissimilar polymers and by using a flat seal, to 
obtain a peelable system that also withstands the retort process. The 
polymers of the lid and the container have adequate affinity to seal, but not 
to intermix. When the lidding material is pulled it separates from the tray 
at the interface of the two polymers without any transfer from one surface 
to the other. 
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10 

CONTROLLING 

CONTAINER QUALITY 


10.1 INTRODUCTION 

The various regulatory agencies that administer and enforce the multitude 
of laws and regulations for canned foods primarily hold the canner 
responsible for the quality and safety of the containers, covers, and container 
materials used in the canning of foods. In the practical world, the control 
is shared as each partner in the chain, from material manufacturer through 
the container, and closure fabricator, to the canner, including the equipment 
manufacturers. Each plays a significant role, and each depends on the 
preceding partner to produce a quality product in compliance with the end- 
user specifications and requirements. End-product sampling inspection and 
testing can only monitor the quality and is no substitute for control of the 
manufacturing process at each stage. 

In addition to the various controls that should be undertaken in the 
cannery, the canner should be cognizant of the various critical performance 
attributes that can only be controlled by container material, container, and 
closure manufacturers. Before discussing the various critical factors for each 
container type, there are some general guidelines that apply to all. 

Appropriate sampling and inspection schemes should be used by both 
container and/or container material manufacturer as well as by the canner 
to ensure that containers and closures are in compliance with jointly agreed 
specifications and any requirements of the agency having jurisdiction that 
may apply. 

Faulty container material, containers, or closures should not be used. 
Empty containers are particularly subject to damage by faulty operation of 
depalletizers and by badly designed or controlled conveyors to filling and 
closure machines. Defective filled, sealed, and processed containers should 
not be sold. Appropriate controls should be employed to prevent the 
occurrence or sale of defective product. 

Dirty containers, covers, or container materials should not be used. 
Immediately prior to filling, rigid containers should be mechanically cleaned 
in an inverted position by jets of air or water. Glass containers may also be 
cleaned by suction (i.e., vacuum). Containers intended for use on aseptic 
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filling lines should not be cleaned with water unless they are thoroughly 
dried prior to sterilization. Inspection is particularly important in the case 
of glass containers that might contain fragments of glass and glass defects, 
which are difficult to see. 

During the filling the seam or seal areas should be kept as clean and dry 
as necessary to obtain a satisfactory closure. Filling should be controlled so 
as to meet the filling and head space requirements as specified in the 
scheduled process. 

Particular attention should be given to the operation, maintenance, 
routine checking, and adjustment of closing equipment. Sealing and closing 
machines should be fitted and adjusted for each type of container and cover 
used. Seams and other closures should be tight and secure, and they should 
meet the requirements of the container manufacturer, the canner, and those 
of the agency that has jurisdiction. 

For heat sealing, seal jaws should be plane-parallel to each other with 
one or both jaws being heated. Jaw temperature should be maintained at 
the specified temperature over the whole seal area. Pressure buildup on the 
jaws should be fast enough and final pressure should be high enough to 
allow product that may inadvertently be in the seal area to be squeezed out 
before bonding commences. 

10.2 METAL CONTAINERS 

The manufacture of the metal cans and their use in the cannery is a complex 
process, involving a large number of automated operations at high speeds 
(e.g., 300-1000 cans/min). For true product reliability, control must be 
exercised at each stage. 

The performance of a metal can primarily depends upon the quality of 
the metal and coating. Each type of metal used should be specific to the 
container and the manner in which it is to be used. There should be precise 
written specifications agreed to by both the producer and the converter. 
These should include a description of the processes and control systems used 
by the producer to ensure the attainment and maintenance of the 
specifications. There should be a close collaboration between the material 
producers and the can manufacturer. 

The attainment of quality starts with the design of the products and 
processes to comply with the user needs, which are then translated into 
standards and specifications as detailed as completely as possible. Each step 
in the manufacture, especially those critical to the final product quality, 
should be subject to a continuous control either by the individual process 
operators or automatically by systems to assure compliance with the 
specifications. Quality assurance, independent of production, should carry 
out complementary measures and tests to verify the control of production. 
The calibration of the measurement instruments involved is of particular 
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importance. In keeping with the plant organization, the different controls, 
tests, and so on, to be discussed later, should be apportioned in various ways 
between the production personnel and those more specialized connected 
with the quality control service so that each critical point capable of affecting 
the can can be correctly identified and controlled. The system should be 
periodically audited under the authority and the request of the senior 
management of the enterprise. 

Quality control criteria should be established for each stage in the 
manufacture and use of the metal cans. Certain parameters require 
sophisticated equipment and time-consuming tests not suited for on-line 
control. These are carried out separately in support of the on-line controls 
or when an intensive evaluation is required. The specific values or levels 
required depend upon the manner in which the packaging is to be used. 
The economic conditions established between the client and manufacturer 
and are most often the subject of an agreement between the two partners. 

10.2.1 Raw Material Control 

10.2.1.1 The Metallic Materials 

The prime attributes of the metals used are the thickness and rigidity, 
followed closely by the type and consistency of the steel or aluminum alloy 
and coatings. Thickness is controlled by the metal manufacturer and 
monitored by the can manufacturer. Nonconforming product should be 
detected and rejected at the manufacturing stage. Corrective action should 
be taken to prevent faulty material proceeding to the next stage where it 
may not be easily detected. 

Composition and production methods determine the rigidity that is 
evaluated by the superficial hardness measured on instruments like the 
Rockwell instrument R 30 T. The composition determines the metallurgical 
characteristics of the aluminum alloy or steel and can be evaluated by a 
standardized traction (i.e., load) test. 

The amount, uniformity, and depth of the coatings applied to the steel 
are controlled at the time of application. Actual measurements require 
destructive testing by sophisticated laboratory equipment. 

As metallurgical defects (e.g., inclusions in the steel or surface spots) can 
adversely affect subsequent container performance, they should be detected 
and eliminated during the production of the metal sheet. Electronic 
scanning devices are available that can identify such visible defects during 
production or the subsequent cutting operations. 

10.2.1.2 Organic Coatings and Sealants 

The control of the quality of these raw materials lies primarily with the 



336 


FOOD CANNING TECHNOLOGY 


manufacturer. At the application stage, viscosity, which is an important 
element, is usually measured to ensure conformance with the specification 
prior to use and, in some cases, the dry matter. After the application the 
following should be checked: 

• the thickness (gravimetrically), 

• the hardness and smoothness of the surface, 

• the coating polymerization or curing (i.e., continuous monitoring of the 
thermal cycle). 

In some instances a retort test that simulates the thermal canning 
process is carried out, and in others a solvent resistance test is used. 

The foregoing is not intended to be an exhaustive treatment of the 
numerous quality attributes that must be controlled by the producers of the 
raw materials required by the can manufacturer. It has been confined to 
those attributes that can directly influence the performance of the 
subsequent container. 



Figure 10.1. Principal dimesions of a three-piece can (body and end) (Biton and 
Petit, 1991). 
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Fits (go) 



Does not fit (no go) 


Figure 10.2. Inspection guage for outside diameter of a cover (Biton and Petit, 
1991). 

10.2.2 Can Manufacture 

The can manufacturer employs a whole battery of on-line and laboratory 
tests and measurements to ensure that the end-product will meet the 
canner’s requirements. It starts with ensuring that the raw materials received 
meet with the specifications. Confidence in the suppliers of the raw 
materials is certainly a prime prerequisite in this assurance. 

10.2.2.1 Dimensions 

The physical dimensions of the blanks for the bodies and ends as well as the 
disks for stamping and drawing two-piece cans are critical. The cutting 
machines must be properly setup and tests carried out periodically to ensure 
that the dimensional specifications are maintained. The dimensions of the 
empty can and covers (Fig. 10.1) are also critical and must be carefully 
controlled because deviations can adversely affect the attainment of a 
hermetic seal. A detailed description of the manufacturing technology can 
be found in the work of Morgan (1985). 

Some dimensions are less accessible to direct measurement by 
instruments and, when used, take considerable time and effort. In such 
cases, "go" or "no go" gauges can be used, as shown in Figure 10.2 for can 
ends. 

10.2.2.2 Performance 

At various stages in the production cycle, the container performance is 
assessed with respect to protection against corrosion, its hermeticity, and 
mechanical resistance. 

In addition to the tin or chromium/chromium oxide coatings, organic 
coatings provide additional protection against corrosion. Organic coatings 
are applied to the internal surfaces of all side seams. Coating adherence is 
critical and is evaluated before and/or after the thermal process by an 
adhesive test strip with a prior score. Another critical factor is the continuity 



338 


FOOD CANNING TECHNOLOGY 


or porosity. According to the method of application, this can be evaluated 
visually by an electrochemical reaction of the support (e.g., copper sulfate), 
or by the measurement of passage of a low-voltage current in an electrolyte 
specifically suited for the determination in which the coated metal acts as 
one of the electrodes. Coatings at the welded or soldered side seam of 
tinplate containers are usually applied by a spray on the body tube when it 
is being formed. 

Resistance to applied pressure (i.e., internally or externally) primarily 
depends upon the thickness and temper of the metal and is reinforced by the 
profile (i.e., pitch or height of the steps) of the ends and beading on the can 
body. 

10.2.2.3 Side Seam 

As soldered side seams are fast becoming a rarity, discussion of side seam 
quality will be confined to those that are welded. 

The visual and physical examination of a number of characteristic 
features can provide a fairly accurate evaluation, when taken in concert, of 
the weld quality, thereby avoiding the more elaborate and time-consuming 
laboratory methods. The features are: 

• Fusion across the weld, 

• Preweld overlap, 

• Postweld overlap, 

• Extrusion, 

• General weld shape, 

• Parallelism, 

• Color, 

• Defects. 


Perfect fusion is achieved when the two halves of the weld overlap are 
fully combined to form a single structure. As the current flows through the 
weld from the electrodes and pressure is applied, the metal heats, softens, 
and recrystallizes such that the interface of the original overlap disappears 
and a good weld is produced. Insufficient heat produces a cold weld, 
whereas too much heat causes the weld to be brittle. Under certain 
conditions, due to incorrect machine setting, both hot and cold regions can 
occur within one nugget. Figure 10.5 shows an enlarged cross section of a 
weld that has good fusion. Because of the cyclic nature of the welding 
current, the degree of fusion also varies longitudinally down the cylinder, 
giving a characteristic ripple pattern from the indentation of the welding 
rolls as the material being welded softens. 

While fusion can only be accurately determined by laboratory tests, 
reliable assessment can be obtained from various on-line tests of the weld 
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Figure 10.3. Illustration of the ball test (CMB, 1988). 

appearance and strength. The most informative are those that test the 
strength, such as the ball and rip tests, and are supplemented by visual 
observation of the pre- and postweld overlaps. 

In the ball test, a ball is fitted to a carrier in a slotted mandrel (Fig. 
10.3). The ball height is adjusted to exert pressure on the weld. The welded 
cylinder is placed on the mandrel with the weld central over the slot. The 
weld is stressed when the ball is pushed along the slot by a pneumatic ram. 
Any irregularities will become apparent by splitting or separating of the 
weld. The appropriate ball height and the correct diameter of the support 
mandrel are important in obtaining maximum information from this test. 
The ball height should be set such that the ball does not just split a cylinder 
with its weld turned away from the ball. The efficiency of the test is reduced 
as the can diameter increases because of the greater stretch in the body walls 
that reduces the local stresses. It does not necessarily mean the weld has 
sufficient strength if the weld does not break; it could be that the equipment 
requires resetting. This is particularly true when changing the plate gauge 
or between single- and double-reduced materials. By applying a vertical load 
on the weld the ball is introducing shear stresses in the overlap interface. 
The ball test thus gives an indication of weld strength along the main portion 
of the body. The mode of any failure must be assessed carefully to establish 
whether the weld is hot or cold. This is particularly so since the weld tends 
to be stronger in the shear mode than when stressed by peeling as in the rip 
test. 

If the weld parts into its two overlaps, then it is a positive indication that 
the weld is cold. However, if the material splits, it could be indicative of hot 
welds or maladjustment of the ball tester. The ball test should be used as 
part of the routine weld assessment in production and the setting should also 
be checked regularly. While it can determine cold welds, it will not always 
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discriminate marginal welds and gives little other information about the 
weld. 

In addition to being an alternative test of weld strength, the rip test 
assesses weld ductility. Even though it is more difficult to perform and 
interpret, the results are more informative and discriminating. In this test, 
two slits are made at the end of the cylinder on either side of the weld, 
tapering slightly toward the weld, as shown in Figure 10.4. The slit portion 
is then bent outward from the seam to form a tab. The cylinder is then 
placed on a mandrel and the tab is pulled away from the cylinder in a 
continuous motion using a pair of pliers. The ability to achieve a full rip 
down depends to an extent on the skill of the tester. Generally breakage or 
separation during stripping indicates a faulty weld. If the weld is stripped 
down cleanly with no ragged edges on the rip or the cylinder, then it is 
considered a good weld. 

The stripped weld is examined to determine the degree of extrusion and 
splash. It is flexed by wrapping the welded strip around itself to evaluate the 
ductility or brittleness, which is indicative of the hotness or overheating of 
the weld. The ease with which a complete rip can be achieved decreases 
with the move towards smaller overlaps. The interpretation requires 
experience in the evaluation of the strip appearance and ductility, and a 
close inspection of any point of failure. 

Under certain conditions the failure to achieve a good rip cannot be 
ascribed to any particular fault; it is then necessary to use other means to 
establish the weld quality. The properties of the material can affect the 
ability to perform a complete ripdown. For example, breaks can occur at a 
point where impurities or inclusions in the steel cross the weld. In this case, 
the weld quality may still be satisfactory, but this can only be determined by 
reference to other checks such as the ball test and visual examination. 
Although it may be difficult to achieve meaningful results, this should not 
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Figure 10.4. Dlustration of the rip test (CMB, 1988). 



CONTROLLING CONTAINER QUALITY 


341 


detract from its value in establishing weld security. The rip test should form 
part of routine checks on welded cylinders as part of line quality assurance 
checks. It should be performed on both the leading and trailing ends to give 
maximum information about the weld and to identify any possible weak 
areas near the ends. 

The preweld overlap is critical and must be controlled to comply with 
the machine specifications. It should not taper by more than 0.1 mm along 
the length of a cylinder becaause this represents a change of approximately 
20% in overlap, which will lead to variation in the degree of fusion along the 
weld. A tapered overlap can result in localized increased and decreased 
heating. An increased overlap tends to give cold welds, whereas a decrease 
tends to increase weld temperature and extrusion until the point where 
shorting occurs. 

Determination of the preweld overlap is required in setting the machine 
operation and at times during production to assure that the specification is 
being maintained within acceptable limits. One method involves a facility 
provided to Soudronic welders by which the welding current can be turned 
off for the leading and trailing portions of the can in order to produce about 
a 5-mm unwelded seam at either end. A 10-mm-wide strip is then cut out 
of the cylinder with the weld central and the unwelded portions cut back to 
within 2 mm of the weld. It is important that sharp tin snips or scissors be 
used to do this. The overlap at the unwelded sections is then measured to 
within 0.05 mm by using a calibrated eyeglass or microscope. However, the 
method does require the interruption to production to produce the required 
samples for inspection. Another method involves the creation of a cold weld 



Figure 10.5. Weld cross section showing postweld overlap (CMB, 1988). 
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with the overlap being measured on a cross section or the weld broken open 
by the ball test rig and the width of the soldered joint on the weld interface 
measured. 

During welding material is extruded out at the sides of the preweld 
overlap. The edge-to-edge distance of this extruded material is defined as 
the postweld overlap. The absence of extrusion may indicate absence of 
fusion and a cold weld. Excessive extrusion and other defects may combine 
with a brittle weld to give an unsatisfactory can. Determination of the 
postweld overlap is made on a cross section of the weld under magnification, 
as indicated in Figure 10.5. 

Under ideal conditions extrusion is slight, uniform with rounded 
contours, and little overhung over the base material. Severe extrusion 
consists of overlapping folds of steel that may or may not be fused to the 
base material and the next nugget, depending on the welding conditions. 

Splash, seen as spikes of metal extending from the weld, is another 
adverse effect of excessive heating. Increased resistance can cause localized 
heating and result in molten material being expelled in the form of splashes. 
These are associated with poor electrical contact between the surfaces (e.g., 
because of lacquer contamination, dirt, or rust); it can also be caused by 
problems with weld geometry that give nonsymmetrical pressure on the weld 
overlap. Weld splash is difficult to cover with a side stripe; hence, it can be 
a source of iron pickup and a route of product attack into the side seam. 
Occasional splashes have little effect on the overall quality, but these need 
to be kept to a minimum in size and frequency. Weld splash can be seen 
with or without magnification under reasonable lighting conditions. 

Weld shape is another aspect in the overall evaluation of the weld 
quality. The weld is formed by a series of nuggets seen as a ripple along its 
surface. This can be examined using an eyeglass and/or microscope. The 
ripple is formed by the impression of the welding roll in the soft weld due 
to the differences in contact lengths and pressures. It is exaggerated if the 
wire stretch off the upper roll is excessive (i.e. greater than 2%), because the 
lower roll will run faster than the upper roll. In general, the smoother the 
internal appearance of the weld seam, the better the weld quality, assuming 
the weld passes mechanical testing. In fact a very smooth weld may prove 
to be cold when examined by means the ball and/or rip tests. 

A good weld has a flat nugget head square to the cut edge with small 
tails on each end running into minimum extrusion at the cut edge. As the 
weld temperature increases, the nugget shape tends to become more like a 
horseshoe, and the extrusion is increased. 

The nugget spacing is important if uniform conditions are to persist 
along the whole length of the weld. At the ends of the cylinder associated 
with the infeed and discharge from the welding rolls, the nuggets may be 
either compressed up to a shorter pitch length or smeared to give an 
apparently extra-long nugget. Under these conditions hot or brittle welds 
may result because of the excessive current input. Elsewhere along the 
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cylinder apparently irregular nuggets may occur for a variety of reasons. 
Excessive welding speed or electrical faults can produce elongated or 
stretched nuggets, which result in a stitched weld that is cold between 
nuggets. 

The inside and outside surfaces of the weld should be parallel to each 
other to ensure even welding contact and pressure at the interphase. This 
can only be fully checked by an examination of a magnified crossection of 
the weld. Nonparallel weld surfaces are usually associated with high 
extrusion on one weld surface and incomplete fusion toward the other. 

One defect associated with the end of the welded seam is fishtail. This 
is defined as material that extends longitudinally beyond the trailing end of 
the weld. It can cause problems with can handling, flanging, and double 
seaming. Shorting occurs when the welding wire contacts the cylinder at a 
point away from the weld, adjacent to the cut edge, thus reducing the power 
available for welding. It can usually be seen without magnification as a 
brown line along the weld about 0.5 mm away from the cut edge. This is a 
serious defect that can cause premature failure of welded cans, particularly 
those used for pressurized products such as carbonated drinks or aerosols. 
The fault can be identified by visual examination, the ball test, or rip test. 



Figure 10.6. Manual flange test (CMB, 1988). 
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Commas or banana welds are small cavities that may exist in the weld. 
They extend from near the cut edge toward the center of the weld and from 
the head of the ripple back along the nugget. Some commas are contained 
completely within the weld, whereas others may be visible as a hole or crack 
on the weld surface where the ripple or nugget head meets the cut edge. 
Commas should be avoided because they provide sites for accelerated 
corrosion and they may crack open upon beading or necking, resulting in 
leakage. 

The welded cylinder ends undergo additional stresses and deformation 
in necking, flanging, and seaming operations, so they require special 
examination. In addition, weld ends may exhibit different features and faults 
that require special assessment. Tests designed specifically for evaluation of 
the ends and flanges are the flange, thumbnail, and cone tests. 

In the flange test a flanged body cylinder is held, as shown in Figure 
10.6, with the seam facing outwards. The cylinder is then gently flexed to 
flatten it by approximately 5 mm. No permanent deformation should result. 
The additional loads may cause a splitting or parting of the weld in the 
flange. This may require examination under magnification. 

The flange alongside the weld can also be pressed with a thumbnail; 
hence, the name, to check the strength at that point. 

In the cone test, a cone is forced into the end of the cylinder to stress 
the weld at the end. The depth of penetration and hence the degree of 
stretch before failure can be assessed. It is difficult to establish acceptable 
performance on hot welds with this test and its value is more at the cold end 
of the welding range. This test is little used because of the problems of 
setting performance limits. 

Hot welds tend to fail in an untidy brittle manner through or alongside 
the weld. No indication of the original interface remains. Cold welds will 
generally exhibit separation of the two plate surfaces at the interface. The 
prevention of split or parted flanges is important to prevent microleaks on 
seaming, and regular checks on the quality of production are necessary. 
Special attention should be paid to visual assessment of the flanged 
cylinders, with or without any applied deformation as described earlier. 
Since these tests are carried out on routine samples during the production 
run, the corrective action taken when a defective flange or end weld is 
detected is very important. This should be directed toward preventing 
continuation of the fault as well as to what has been produced since the last 
successful test. With the high speeds used in modern welding lines, a 
sampling frequency of every 15 minutes could mean hundreds of bodies may 
have been affected. Methods should be in place to identify the bodies 
produced between samplings so that they can be separated in the case of a 
fault occurring and subjected to a more detailed inspection. 

10.2.3 Hermetic Integrity 

Every can produced is subjected to a pressure leak test, with those that 
cannot hold a specified air pressure being rejected. The rejected cans are 
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given further examination to determine the cause of the failure, and 
corrective action taken, if any is required. In addition, the double seams and 
ends that have an easy open feature are given special attention. 

10.2.3.1 Double Seams 

The double seams applied by the can manufacturer and the canner are 
subjected to routine inspection and evaluation. 

During production runs, regular nondestructive inspections should be 
made for external container defects. At intervals of sufficient frequency to 
ensure proper closure, the operator, closure supervisor, or other person 
competent to inspect container closures should visually examine the double 
seam of a can randomly selected from each seaming head. The observations 
should be recorded. Additional visual closure inspections should be made 
immediately following a jam in a closure machine, after adjustment of 
closure machines, or after starting up of machines following a prolonged 
shutdown. The appearance of double seam defects is a good indication that 
there are seaming problems. For a complete discourse on double seam 
defects, the reader is advised to consult texts devoted to this subject, some 
of which are referenced in the bibliography. The most complete coverage 
can be found in the Metal Can Defect Manual (FAOC, 1989). 





Figure 10.7. Double seam dimensions (FAOC, 1989). 
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The visual inspection should include measurements of the double seam 
height, thickness, and countersink. The results of the measurements should 
be recorded, preferably on a properly constructed quality control (QC) chart 
that has both acceptable and unacceptable limits inscribed. The double 
seam dimensional terminology used in the following discussion is illustrated 
in Figure 10.7. All measurements should be made to the nearest 0.1 mm 
(0.001 in.) by using a micrometer or vernier calliper. Micrometers specially 
adapted for seam measurements are available. 

Double seam length (i.e., width, height), designated by IT in Figure 10.7, 
is indicative of the overlap in that increases over specifications can be 
indicative of a decreased overlap. Seam length is partly dependent upon the 
roll groove profile and the degree of seaming roll wear. 

Double seam thickness, S in Figure 10.7, is an indicator of double seam 
tightness and should not exceed that given in the specifications. As a 
general rule, the double seam thickness should not exceed by more than 
33% the thickness of the five layers of metal in their formation (two body 
plate thicknesses plus three end plate thicknesses), which allows for the 
seaming compound and normal variation. 

Countersink is the distance from the top edge of the double seam to the 
bottom of the countersink radius, A in Figure 10.7. 

The points at which the measurements are taken should be marked on 
the can so that they can be identified even after seam tear down. Additional 
measurements may be taken at points where a double seam defect, such as 
sharp seams, droops, vees, or excessive thickness, have been observed. 

Seam measurements on round cans should be made at three points 
around the circumference, approximately 120° apart and at least 1 cm (0.5 
in.) away from the side seam crossover of a three-piece can. 

The external seam dimensions of nonround cans are measured using the 
same method as for round cans; however, due to the irregular shapes of 
nonround cans, measurements must be taken at additional points, as 
indicated in Figure 10.8. Cans with a key tab should also have 
measurements taken at the center of, and immediately adjacent to, the tab, 
as indicated in Figure 10.8. 

Internal seam defects that are not immediately obvious can cause an 
increased thickness at the point of the defect. Additional information can 
be gained by running the micrometer around the double seam to detect 
variations in thickness, noting and marking any significant increases. These 
may be subject to further examination either by cutting a cross section at the 
specific point or by following seam tear down. 

Can manufacturers have developed specifications for the seam 
dimensions depending upon the metal type, thickness, and temper of both 
the body and the cover, as well as the can size and shape. The canner 
should apply these specifications to the control of the seaming operation, as 
directed by the can manufacturer. 
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DINGLEY CAN OVAL CAN 


Figure 10.8. Points of measurement on nonround cans (FAOC, 1989). 

Destructive tear-down inspections should be performed by a competent 
individual at intervals of sufficient frequency at each seaming station to 
ensure maintenance of seam integrity. All results and measurements should 
be recorded, as should any corrective actions taken. Both the measurements 
and their trends are important in the assessment of seam quality for control 
purposes. 

References that describe the methods for tearing down a double seam 
are given in the bibliography. 

The prerequisites for achieving good double seam integrity are: 

• properly formed and undamaged cans and ends, particularly the flanges, 
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Table 10.1. Examples of Recommended Double Seam Measurement 


Specifications for Three-Piece Cans 


Item 

Can 

Diameter 

Set Up 
Aim 

Operating 

Limit 

Hold for Investigation 

Steel Ends 

Aluminum 

Ends 

Body hook 

202 

.075-.080 

.075 ± .008 

n/a 

n/a 

length* 7 

207.5-401 

.080-.085 

.080 ± .008 

n/a 

n/a 


404-603 

.082-.087 

.082 ±.010 

n/a 

n/a 

End hook 

202-211 

_ 

.065 Min. 

n/a 

n/a 

length* 7 

300-401 

— 

.070 Min. 

n/a 

n/a 


404-603 

— 

.075 Min. 

n/a 

n/a 

Optical 

202 

... 

.035 Min. 

.030 Min. 

.030 Min. 

overlap 

207.5-211 

— 

.040 Min. 

.030 Min. 

.030 Min. 


300-303 

— 

.040 Min. 

.035 Min. 

n/a 


307-401 

— 

.045 Min. 

.035 Min. 

.035 Min. 


404 

— 

.045 Min. 

.035 Min. 

.035 Min. 


502-610 

— 

.050 Min. 

.035 Min. 

n/a 

Percent 

202-401 

80-100 

70-100 

< 60 

< 70 

tightness 

404 

90-100 

80-100 

< 60 

< 70 


502 

90-100 

80-100 

< 70 

n/a 


603-610 

90-100 

90-100 

< 70 

n/a 


Source: Can Manufacturers Institute, Voluntary Industry Can Standards. 

Dimensions are given in inches. 

b Based on the highest and lowest reading obtained on a can sample. 

c Based on the lowest reading obtained on a can. 

• the absence of other material in the seaming areas (e.g., product, excess 
solder or sealing compound, foreign material), 

• the presence and proper placement of sealing compound in order to fill 
the prime sealing area, which will prevent leakage, 

• the proper mechanical interlocking of the body flange and end curl, which 
results in an adequate overlap, 

• the compression of the interlocked flange and curl to form the body hook 
(BH) and cover hook (CH). 


If the first three prerequisites are satisfied, then final seam appraisal is 
based on the latter two as determined by the overlap, tightness rating, 
pressure ridge, and juncture rating. The various measurements of the 
double seam aid in a decision that the overlap and tightness will be sufficient 
to ensure that the sealing compound is properly held under compression. 

The hooks BH and CH must overlap sufficiently to ensure that the 
sealing compound is properly held under compression with the correct seam 
tightness. The minimum acceptable overlap varies with respect to the can 
type and size, as is indicated in Table 10.1. While overlaps below the 
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minimum are unacceptable and indicative that corrective action should be 
taken, it does not mean that the particular can is defective. A can having 
no overlap at any point in the double seam is considered defective. 

Overlap and body hook butting can be measured directly on an optical 
magnification of a prepared double seam cross section or calculated from 
measurements taken on the torn down double seam. 

Cross sections can be prepared by filing, sawing with a hand held 
jeweller’s saw, or sawing using a double or single blade seam saw. The cross 
section should be double cut to form a segment approximately 0.5-1 cm 
thick, and cutting should continue through into the body so that the segment 
can be freed for optical measurement. To improve the clarity of the optical 
image, the cut surfaces should be smoothed by emery paper or board. 
Various optical seam projectors are available that provide an optical 
enlargement of the cross section and calipers to carry out the measurements. 
The various measurements that can be made on a cross section are 
illustrated in Figure 10.9. 
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Figure 10.9. Double seam image measurements (FAOC, 1989). 
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Cross sections should be made at the same points in which the external 
seam dimensions were made or at points where seam abnormalities or 
defects have been observed. 

The overlap is calculated by using measurements of the BH and CH 
hooks after tearing down the double seam and the end and body plate 
thicknesses from the following equation (see Fig. 10.7 for dimensions): 

Overlap = O = (CH + BH - Te) - W 

The percentage of overlap expresses the overlap as a percentage of the 
internal seam length or of the external seam length minus two end plate 
thicknesses and one body-plate thickness. BH butting quantifies the void in 
the prime sealing area in the double seam and is a factor in its integrity, but 
it is not a substitute for the overlap. It is defined as the ratio of the internal 
BH length, relative to the internal length of the double seam, and is usually 
expressed as a percentage as: 

Percentage body hook butting = —— x jqq 

(W- 1.1 (2Te + Tb)) 

The length of the BH in relation to the internal length of the seam must 
be sufficient to ensure that it is embedded in the lining compound. 
Experience indicates that a minimum of 70% BH butting is required to 
ensure an adequate seal. 

The double seam must be sufficiently tight to hold the sealing compound 
under compression, but not so tight that the metal plate is deformed to the 
point of fracture. The tightness rating and the pressure ridge are features 
that are used to evaluate double seam tightness. The double seam and 
crossover thicknesses and free space are also measurements that give an 
indication of the tightness. 

When sheet metal is folded over on itself and then curved, the fold 
becomes wrinkled. The degree of wrinkling increases as the radius of 
curvature decreases. Thus, during double seaming round or partially round 
covers, wrinkles form on the CH in the first seaming operation. The degree 
of wrinkling is reduced or ironed out during the second operation. The 
seam must be sufficiently tight so that the free space is low, but not zero. 
This will ensure that the sealing compound is properly held under 
compression. The presence and size of wrinkles is indicative of the seam 
tightness or lack thereof, and the tightness rating is a measure of the degree 
of wrinkle left on the CH on the completed double seam. 

True wrinkles have length, depth, and width. These dimensions decrease 
as the double seam becomes tighter. The length of any wrinkles that remain 
after the second roll operation may be visually estimated and used as an 
indication of the double seam tightness, provided that other seam 
parameters are within the double seam specifications. By grading residual 
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Figure 10.10. Tightness ratings (FAOC, 1989). 

wrinkles in a normally formed seam, a reliable method of estimating seam 
tightness has been established. 

Various ways are used to express the tightness rating. That most 
commonly used in North America is the percent tightness , which is the 



Figure 10.11. Comparison of real and ghost wrinkles (FAOC, 1989) 
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estimated ratio of the length of smooth (i.e., unwrinkled), portion of the CH 
compared to the CH length expressed as a percentage. The tightness rating 
is based on the longest wrinkle on the entire CH. This is illustrated in 
Figure 10.10, which also gives an alternative rating system. 

A wrinkle is three dimensional; hence its identification should be based 
on the depth and width as well as on its length. The estimation of a wrinkle 
or tightness rating requires training and experience. The novice frequently 
mistakes what are called ghost wrinkles , which have length and width but no 
depth, for true wrinkles. The ghost wrinkles are usually the remains of 
wrinkles that have been completely ironed out. Their presence may also 
indicate excessive compression of the compound between the body hook and 
the cover hook. However, as the CH is smooth, the ghost wrinkles are not 
indicative of looseness. The differences between the two types of wrinkles 
are illustrated in Figure 10.11. 

In nonround cans where the seam perimeter is straight, the tightness 
(i.e., lack of wrinkles) should be as good as or better than that for round 
cans. However, at the comers where the curve radius is quite small, a 
relatively large amount of metal must be bent and compressed into the 
space; hence, more wrinkles can be expected, along with less apparent 
tightness. The seamer roll pressure must be set to achieve a tightness rating 
in compliance with the can manufacturer's specification. Excessive tightness 
can lead to defects such as vees or cutovers. If seam tightness along the 
straight portions is unacceptable, then extensive wrinkles at a comer has 
greater significance and is indicative that there is little control of the seam 
quality and the wrinkles may not be solely the result of the small radius at 
the comers. 

The pressure ridge is an impression of the inside of the can body in the 
double seam area and is formed by the second operation seaming roll 
pressure. In suitably tight seams the impression should appear continuous 
and uniform along the entire periphery. The size of the impression may vary 
from a faint continuous line approximately 3 mm below the BH radius to an 
obvious 3-mm-wide area of compression (i.e., pressure area) in which the 
appearance of the body is slightly altered. The degree of impression is 
dependent on the body plate temper, the can size and style, and the double 
seaming equipment used. The pressure ridge is a major factor when judging 
the tightness of a seam at the comer of a nonround can. No or faint 
pressure ridge indicates insufficient seam tightness, especially in combination 
with excessive wrinkles. 

10.2.3.2 Easy Opening Covers 

These should be subjected to the following additional inspections: 

• measurement of the score depth at several points, 

• dimensional characteristics of the rivet, 
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• the force(s) required to open determined by a recording dynamometer, 

• a dye test applied to the score and rivet areas. 

10.2.3.3 Leak Testing 

Aside from the 100% on-line pressure leak tests carried out by the can 
manufacturer, the testing of cans for leaks is generally confined to situations 
in which leakage is suspected or defects are present, which may adversely 
affect the integrity. These tests require laboratory facilities and expertise in 
both their application and interpretation of the results. The leak tests are 
generally directed to the seams, which are most liable to have leaks, with the 
double seam applied by the canner being the most suspect. The tests that 
have been found reliable are those that simulate the conditions present for 
postprocess microbial contamination, that is, from the environment into the 
can. Two methods—-the vacuum microleak test (NFPA, 1972; HPB, 1987) 
and the hydrogen sulfide test (AFNOR, 1992)—are commonly used, with the 
latter more popular in Europe. 

The label should be removed and the container body suitably identified. 
A circular opening, using a Bacti-disk cutter or other suitable device, is cut 
to within about 7 mm (1/4 in.) from the seam into one end of can. For two- 
piece cans, the opening is cut into the bottom, which is the end without the 
double seam. The contents are removed, the can rinsed out with running 
hot water, and then washed in a suitable boiling detergent solution for at 
least one hour followed by a rinse in running hot water. Ultrasonic baths 
have been found to be very efficient for cleaning cans. The can is then dried 
at 35-40°C (95-104°F) for 12 hours. Higher temperatures or the use of 
solvents to accelerate the drying should be avoided, as such treatments can 
adversely affect the sealants in the seam. 

In the vacuum microleak test a vacuum is pulled on an opened can that 
contains a small amount of water; leaks are indicated by the presence of a 
continuous stream of bubbles. A Plexiglass device in combination with 
appropriately sized gaskets can be prepared (NFPA, 1972) to seal the can 
so that a vacuum can be drawn and the internal surfaces examined with the 
aid of an external light source. Vacuums of 15-25 in. of mercury can be 
used for round cans that have a diameter less than 4 1/16 in. (104 mm) and 
a height less than 4 11/16 in. (118 mm). Vacuums greater than 20 in. of 
mercury can cause distortion of larger cans. 

The seal between the container, gasket, and the Plexiglass is created by 
the vacuum alone, although in some cases it may be necessary to wet both 
surfaces of the gasket to obtain a leak-free seal. The sealing surfaces of the 
test container must be relatively even and smooth, or an adequate seal 
cannot be obtained. Containers that have been buckled from excessive 
internal pressure are usually unsuitable for this reason. 

Increasing the vacuum by increments of 5 in. of mercury followed by an 
approriate pause can give an estimate of the size of any leaks, if present. 
The external light source is directed through the Plexiglass plate to 
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illuminate the interior while the can is slowly tilted and revolved so as to 
immerse the internal surfaces in turn. Leaks appear as a chain of very small 
air bubbles that originate from one location. The water should be 
deaereated just prior to being placed into the container by evacuation or 
boiling. The addition of a surfactant to reduce the surface tension of the 
water has been found to facilitate bubble formation; however, the type and 
quantities used should be such that foaming is avoided. When the vacuum 
is first applied to the can, bubbles may appear from air trapped in the 
seams, but this is not indicative of leakage unless the bubbles continue or 
increase in size as the vacuum level is increased. The position of any leak 
should be marked on the outside of the container for later identification. 
The vacuum is released at the end of the test. Seam leaks should be 
examined by tear-down analysis. 

A variation of the vacuum microleak test that uses a penetrating dye 
solution or fluorescein dye has been found to be useful in the identification 
of potential leaks. For this, the dye or fluorescein solution is carefully 
applied to the seams to wet them but not an excess, which will drip or 
spread to other surfaces. The junction of the double seams to the body is 
the point to which the dye solution should be directed. Sufficient time is 
allowed for penetration and vacuum release and the internal surfaces of the 
container are observed for evidence of coloration or fluorescence. It should 
be pointed out that a dye penetration test can indicate leaks on the order of 
10" cm. 

Cans for the hydrogen sulfide test are prepared in the manner described 
earlier. A rectangular sheet of filter paper (e.g., cut to the internal can body 
dimensions) that is impregnated with a 5% solution of lead acetate and 
dried is placed into the can so that the internal surface of is completely 
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Figure 10.12. Hydrogen sulfide test apparatus (CFDRA, 1990). 
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the can body is completely covered. It is important that the filter paper fit 
closely to the junction of the body with the end plate. The can is then 
resealed by gluing a stainless steel disk onto the open end. Epoxy-type glues 
have been found to be most suitable. The resealed cans are then placed into 
a chamber (Fig. 10.12) or vacuum desiccator. They are exposed to hydrogen 
sulfide at 2-7 psig (0.1-0.5 bar) for a predetermined time. At the end of the 
test, the hydrogen sulfide is removed by application of a vacuum. Hydrogen 
sulfide is toxic and corrosive; therefore, water vacuum pumps should be used 
and the purging carried out in a fume hood. 

The can is opened and the filter paper is examined. Black spots of lead 
sulfide on the paper indicate the location of any leaks and the size of the 
spots the size of the leak. 

10.3 GLASS CONTAINERS AND THEIR CLOSURES 

10.3.1 Empty Glass Container 

In addition to a strict adherence to the established formulation for the 
particular glass and regulation of the production processes, the glass 
manufacturer subjects the finished container to a series of 100% visual, 
electronic, and mechanical inspections. 

10.3.1.1 Continuous 100% On-Line Inspection 

To simulate impact resistance, pressure is applied through rubber or plastic 
squeeze rolls to the vertical walls of the container. The pressure is set to 
equal or to exceed the normal impact forces that may be encountered in the 
handling of the containers. 

The diameter and uniformity of the opening is checked by plastic plug 
gauges. Nonconforming jars are rejected automatically. 

Reflected light is used to locate and reject splits or checks on the 
containers, especially on the finish, shoulder, heel, and bottoms. 

The wall thickness is continuously measured and those cans that do not 
meet the specifications are rejected. 

Height is a critical dimension and should be controlled. This is of 
particular importance in the case of the modern high-speed fillers and 
cappers. Containers that do not meet the height specification are 
automatically rejected. 

Grossly out of shape containers are detected and rejected by a template 
or a light sensory apparatus. 

10.3.1.2 Sampling Inspection 

The annealing grade is determined in accordance with ASTM standards 

(1969, 1971A, 1971). 

The resistance to thermal shock is determined by alternate exposure to 
hot and cold water baths as specified in the ASTM standards (1971). 
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Samples are pressure tested by a machine with the containers filled with 
water. Pressures are applied either to a set point or to destruction. 
Capacities are determined on samples. 

The perpendicularity is measured as are the bottom push-up dimensions. 
The thickness of the hot-end coatings is measured by reflection, and the 
lubricity of the cold-end coatings is evaluated. 

Additional inspections are carried out to ensure that the sealing surface 
and glass lugs are free from defects. 

10.3.2 Metal Covers (Caps) 

The maintenence of the metal covers to the design specifications depends 
upon the machine setup and controls to ensure that the critical dimensions 
are attained. The uniform application of the lacquers on both surfaces, the 
correct application, and adherence of the gasket material and the diameter 
are of prime interest to the canner. While canners can carry out sampling 
inspection and testing of the caps, they are dependent upon the supplier for 
consistent quality. 

10.3.3 Closure 

Some of the nondestructive and destructive inspections and tests, along with 
their frequencies, which have been found helpful in assessing closure quality, 
are listed in Table 10.2. The results of all inspections and tests should be 

recorded. 

10.3.3.1 Nondestructive Visual Inspection 

The cap should be essentially level and seated well down on the finish; it 
should not be cocked or tilted (Fig. 10.13). This can be judged in relation 
to the transfer bead or shoulder on side seal. PT caps and should not 
exceed 3/32 in. from the horizontal. Lugs of lug caps should be seated under 
the glass threads. 

The panel of the cap should be depressed, which indicates the presence 
of vacuum. 

The pull-up is defined as the distance between the leading edge of the 
cap lug and the parting line (mold match) on the glass finish. It is measured 
in increments of 1/16 in. Measurements counterclockwise from the parting 
line are positive ( + ), clockwise negative (-). The normal range for a lug or 
twist caps is 0 to 8/16 in. The range for lug-type baby food caps is -1/16/16 
- 4-6/16 in. with a plastisol gasket and -3/16 - 4-8/16 in. for rubber gaskets. 
Negative values indicate overapplication of the cap. A cocked cap, the 
result of a lug that fails to seat under the glass thread, is readily apparent 
(Fig. 10.13). A crushed lug will also be visible on external examination but 
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not as apparent as it may not be tilted. It is caused by a lug being forced 
down over the glass thread by the sealing belts of the capper. 

For caps that have the security button or flip panel, this should be in the 
down or depressed position. 

Table 10.2. Suggested Inspections, Tests and Frequency for Glass 

Containers after Closure 


Closure Type 

Pry-off Press-on Lug or 
(side seal) Twist-off twist 


At Capper 

Nondestructive external inspection (every 30 minutes) 


Cap tilt x 

Vacuum (cap panel concavity) x 

Pull-up (or lug position) — 

Cocked cap _ 

Crushed lug _ 


Destructive removal inspection (every 4 hours) 


Cap tilt x 

Vacuum (gauge) x 

Temperature x 

Head space x 

Gasket x 

Security — 

Compound impression _ 


After Processing and Cooling 

Nondestructive external inspection (every 30 minutes) 


Cap tilt x x — 

Vacuum (cap panel concavity) x x x 

Pull-up (or lug position) — — x 

Cocked cap — — x 

Crushed lug _ _ x 

Button down position _ x x 


Destructive removal inspection (every 4 hours) 


Cap tilt x 

Vacuum (gauge) x 

Temperature x 

Head space x 

Gasket x 

Security — 

Compound Impression x 

Cap-off, removal torque (opt.) _ 

Button return to up position _ 
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10.3.3.2 Destructive Testing 

The internal head space vacuum, which is measured with a penetrating 
vacuum gauge, should be within the specified range. The vacuum is a 
critical factor in the seal integrity for the PT caps. 

The internal product temperature should be determined. While dial- 
type thermometers are commonly used for this purpose, they can be 
seriously in error unless frequently checked and calibrated. They are also 
slow to equilibrate. Indicating digital thermometers of the thermocouple or 
platinum resistance types are more sensitive, equilibrate faster, and are more 
accurate and more reliable. The product temperature is an important factor 
in the head space vacuum, especially in the case of PT caps, as well as in the 
thermal processing. 

In most cases, the head space should be not less than 6% of the 
container volume at the sealing temperature. Once the relationship of the 
head space volume is established for a given container, product fill, and 
temperature, it can be determined by measuring the depth. 

As the cap is removed to examine the gasket and evaluate the 
compound impression, it is usually carried out after tests for security and 
removal torque. The gasket should be secure and even; it should not be 
excessively pulled, looped, or broken at any point. There should be a visible, 
even impression of the glass finish 360° around the gasket. For the lug-type 
or twist caps, the impression after processing and cooling should be deeper 
than right after capping, but not so deep that a cut-through results at any 
point in the impression. Cut-through is where the top of the glass finish has 
pushed completely through the compound to the coating on the metal, which 
can result in a leaky seal. This is a critical defect, and immediate corrective 
action should be taken. There is generally no visible impression on rubber 
gaskets at the capper; however, after processing and cooling, a complete 
uniform and visble impression should be present. For the plastisol gaskets 
in lug-type baby food caps, there should be an even and readily discemable 
impression 360° around the cap at both the top and side of the sealing area 
where the glass contacts the gasket. 

The security value is applicable only to the lug or twist type of cap and 
should be undertaken by trained and experience personnel at periodic 
intervals during every production period before and after cooling. A vertical 
line on the cap and a corresponding line on the container are made as 
illustrated in Figure 10.14. The cap is turned clockwise until the vacuum is 
just broken and then reapplied until the gasket compound touches the glass 
finish and the closure lug touches the glass thread or until the closure is just 
finger tight. The security value is the distance between the two vertical lines 
measured in increments of 1/16 in. (Fig. 10.13). If the cap line is to the right 
of the container line, the value is positive and negative if the cap line is to 
the left of the container line on the container. 
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Figure 10.13. Inspection and testing glass closures (APELOVER, 1991). 


For good application, the security values at the capper for four lug caps 
should be 3/16-6/16 in. and 2/16-5/16 for six lug caps. Higher values 
indicate a secure package with some degree of overapplication and should 
be brought back into the range for best overall cap performance. Values 
consistently below specification indicate underapplication, and corrective 
action should be taken. After processing and cooling, the range for four lug 
caps changes to 1/16-3/16 in. and 0/16-2/16 for six lug caps due to the 
compound sink during thermal processing. With heat and pressure the cap 
will be pushed farther down on the glass finish, which changes the lug 
tension on the glass thread. 

From time to time, conditions may vary to the extent that a deviation 
from the suggested security values may be indicated. Differences in one or 
a combination of the type of plate, the compound used in the caps, and/or 
glass lubricant used by the glassmaker may dictate a shift of the proper 
security range in either direction. Lower security values may be entirely 
acceptable as long as some positive security is achieved and verified. 
Conversely, higher security values may be necessary if the recommended 
range produces an unacceptable incidence of unsatisfactory containers, which 
can be reduced by a higher security. 
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Removal torque, listed as optional for lug-type and twist caps, is 
measured on a standard torque meter. While not recommended as a control 
for cap application, it may be correlated through experience with the force 
necessary for cap removal after specified storage periods, and, as such, may 
be of value as a quality control check. 

10.3.2.3 Auxiliary Equipment 

Head spacers can be installed to set the head space automatically. These 
must be properly setup to ensure that they do not contaminate the finish 
with product that can adversely affect the closure integrity. 

Cocked cap detectors and ejectors can be installed at the capper to 
eliminate defective containers. They can signal both the capper operator 
and quality auditing personnel that a problem exists or is developing. 

Dud detectors are employed to determine the depression of the cap 
panel after closure, ejecting any container that has a depression below a set 
minimum. 

10.3.2.4 Inspection Frequency and Sample Sizes 

Any sampling plan should be based on a statistically realistic basis. It is not 
possible to prescribe sample numbers and intervals that will fit all situations. 
For example, a line running at 1500 containers/minute (e.g., baby foods) 
demands a different treatment than the line that runs at 80 
containers/minute. At each inspection interval, one container should be 
examined for each capping head. The frequencies given in Table 10.2 are 
suggested minima and can serve as a basis for tailoring a sampling plan and 
frequency to a particular situation. Nondestructive testing can be carried out 
at a greater frequency and on a greater number of containers than can 
destructive testing for obvious economic reasons. 

All test results and inspections should be recorded as well as any 
corrective action taken as a result of the determinations. The trends in 
measurements should be analyzed as they may indicate a drift that could 
lead to serious consequences if not corrected. Control charts are excellent 
means for analyzing trends. 

10.4 PLASTIC CONTAINERS 

The handling and processing of plastic containers for canned foods, while 
not a new technology, continue to undergo rapid development. There are 
few formalized, time-tested methods and procedures on which to base an 
assurance of integrity. The following discussion is intended to provide some 
guidelines for the establishment of quality control and assurance procedures. 
The manufacturers and suppliers of the containers, packaging materials, and 
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equipment should be consulted as to the applicability of any particular test 
and for any additional measures that should be taken. Quality assurance on 
all incoming packaging materials should be subject to agreement between the 
packaging supplier (i.e., vendor) and the canner (i.e., vendee). ISO 9000/ 
BS5750 can provide a useful basis on which to formulate a vendor-vendee 
agreement. With this agreement, the canner should be able to rely on the 
supplier for a product that will meet the mutually agreed to specifications 
and reduce the incoming packaging material checks. 

10.4.1 Incoming Containers and/or Container Materials 

The incoming containers, closures, and materials should be inspected prior 
to their use. 

A visual nondestructive inspection should ascertain that: 

• the proper material, containers, coverd, and so on, is received, 

• colors, design, and print are correct, 

• damage, contamination, container distortion, surface irregularities, and 
delamination of cut edges are absent. 

Sampling inspection should verify compliance of the following attributes 
of preformed containers with their specifications: 

• overall dimensions, 

• flange width and thickness, 

• denest dimensions, 

• volume, 

• total wall and barrier layer thicknesses at preagreed points. 

For reel stock these attributes are: 

• reel diameter, 

• reel width, 

• core diameter, 

• total thickness, 

• barrier layer and sealing layer thickness, 

• pinholes. 

The inspection of metal covers is the same as for their counterparts for 
rigid metal cans (i.e., dimensions, gauge, compound placement, and score 
lines for easy open features). 

Precut lidstock inspection should include: 

• dimesions, 

• curl, 
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• pinholes, 

• sealing layer and barrier layer thickness, 

• total thickness. 

If a consignement comprises more than one lot, then each lot should be 
inspected and subjected to the preceding tests independently. All incoming 
materials should be properly documented and labeled to ensure that they 
can be indentified in storage. 

10.4.2 Filling 

Preformed containers can be inspected for visible defects as they are 
transfered from the shipping container/pallets to the fill line and while on 
the feed line to the filler. Defectives should be removed at this point. It is 
a good policy to keep track of both the number and type of defects noted; 
should they exceed acceptable levels, that lot should be set aside. 

Fill weight(s) and/or quantity and temperature should be checked for all 
containers at regular and predetermined intervals to ensure that they comply 
with that specified in the scheduled process. On-line check weighers capable 
of rejecting under- and over-weights are recommended for single-ingredient 
products, like peas or carrots; however, they may not be economically 
feasible for multicomponent products that require a certain percentage or 
number of particular component. In the latter case, sampling plans and 
frequencies should be devised to ensure that the fill weights or numbers 
meet the required specifications. 

The head space volume or depth should be checked to ensure that it 
does not exceed specifications. This can be a critical factor in the 
attainment of an appropriate vacuum. 

The seal area should be checked for the presence of product that may 
adversely affect the attainment of a hermetic seal. 

10.4.3 Closure 

10.4.3.1 Heat-Sealed Containers 

Conditions of closing to achieve the required seal integrity performance 
should be established during the course of a manufacturing development 
program and as required by the packaging material and equipment suppliers. 
The following program is employed to ensure consistency of the seal 
integrity and performance with respect to the established specifications. 

It is important to ensure that the lidstock is accurately positioned on the 
container prior to heat sealing. Dwell time, jaw temperature, and pressure 
and machine speed should also be checked periodically. 

All observations and measurements should be recorded and corrective 
action taken where necessary. 

The following inspections and tests have been found to be applicable to 
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testing the seal integrity. However, advice should also be sought from the 
packaging and equipment suppliers as to the suitability of the tests for their 
particular applications and materials. 

A container should be taken from each sealing head at appropriate 
intervals (e.g., every 15 minutes) and inspected for visible defects. The more 
common defects that have been found to occur in semirigid heat-sealed 
retortable plastic containers are described and illustrated in the NFPA 
(1989) and CFDRA (1990) publications. The occurrence of any critical 
defect (category 1 in NFPA manual) is reason to take immediate corrective 
action and to set aside all production since the last satisfactory inspection for 
a more detailed examination. The entire heat-seal area should be inspected 
to ensure that it is complete. The seal width and depth are measured for 
some applications. 

In the case of destructive testing, sample sizes tend to be smaller and the 
sampling less frequent than for nondestructive testing. Therefore, 
destructive tests are generally used to verify machine setup and any change 
of material or corrective action with respect to closure settings as well as in 
investigations (e.g., suspect containers from a visual examination). 

It has been suggested that some or all of the following tests should be 
carried out at time of startup and a minimum of once every 4 hours 
thereafter for each sealing head. It is also recommended that the integrity 
and peelability, if applicable, of at least one package from each sealing head 
should be checked following a splice or lot change of the body or lid 
material or any change to the heat-sealing parameters such as jaw 
temperatures and pressures (NFPA, 1989; CLACFC, 1989). 

The following tests have been found suitable for evaluating the quality 
of heat seals: 

• Burst or pressure, 

• Vacuum, 

• Electrolytic, 

• Dye penetration, 

• Tensile strength, 

• Peel strength. 


The burst or pressure test is a relatively simple procedure that can provide 
an indication of seal strength and integrity. However, it cannot be used to 
ensure total pack integrity. This test should be carried out under 
predetermined conditions that follow an acceptable procedure that has been 
established to ensure a level of quality assurance. The test container is 
subjected to an increased internal pressure, either in increments until failure 
(bursting) or to a predetermined pressure for a predetermined time. In the 
latter situation, the inflation of the lidding material must be maintained and 
show no deflation. 
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Figure 10.14. Burst and pressure test apparatus (CFDRA, 1990). 


Equipment is available (ARO) that punctures the container lid by a 
hollow needle through which air is pumped. This forces the lid against the 
head of the apparatus and produces a reasonable seal; a perfect seal is not 
necessary. A diagram of a typical apparatus is given in Figure 10.14. 

A well-sealed nonpeelable pack should not burst at the seal. However, if 
there is a weak area in the seal, perhaps due to uneven platen height or 
heating, then this will very quickly become apparent. It should be pointed 
out that quite large holes (1-3 mm) may not prevent pressurization of the 
pack and may not lead to sufficient deflation during a 30-second holding 
period. If the seal irregularity is not surrounded by a weakened area, then 
the eventual burst failure may be totally unrelated. The test results are also 
dependent upon the container shape, as the force exerted on a seal unevenly 
distributed around the perimeter in all but round packs. In general, with all 
other variables being equal, an oblong peelable pack will peel apart first at 
the center of the long side, even though peel testing carried out in this 
region shows the seal to be as strong as at the corners. It should be evident 
from the foregoing that interpretation of the results of this test requires 
considerable experience. The cause of any failure should be determined by 
other tests if appropriate corrective action is to be taken. 

The vacuum leak test is very similar to that used for rigid metal cans and, 
in contrast to the burst or pressure test, it can provide the location of any 
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Figure 10.15. Vacuum leak test apparatus (CFDRA, 1990). 
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leak and some approximation as to the size. Only containers having a head 
space can be used in this test. An illustration of a suitable apparatus 
in given in Figure 10.15. The filled sealed container is placed and held 
under water in a glass vacuum chamber. A vacuum is drawn sufficient to 
cause the lidding material to inflate. Leaks are indicated by bubbles 
escaping from the container, with the size of the bubbles giving an indication 
of the size. This method is reported to be able to detect relatively small 
leaks in the seal (down to about 25 fj ,m and even as low as 12.5 //m). As it 
is nondestructive for sound containers, larger sample sizes can be tested. 

The electrolytic test, like the burst test, is pass or fail. The location, 
numbers, or sizes of the leaks are not revealed. The container is opened at 
the bottom away from the heat-sealed lid and the product removed. The 
container is then thouroughly rinsed with tap water and allowed to air dry 
or is wiped dry with paper toweling. Wet containers prior to the 
introduction of the salt solution can result in tracking and false positives. In 
the case of fatty or oily products, warm water containing a neutral detergent 
is used to remove fatty films, especially at the seal interphase, which can 
block the transmission of a current at the point of small leaks. The 
container is then half-filled with a sodium chloride solution (lOgin 1 Lof 
water) and inserted top down in a bowl that contains the same sodium 
chloride solution. An electrode is inserted through the open bottom of the 
container into the salt solution; another electrode is placed in the salt 
solution in the bowl. A low-voltage potential is applied to the two 
electrodes, and any current that flows is indicated by an inline ammeter. A 
diagram of the circuitry is given in Figure 10.16. Any current flow is 
indicative of a leak (i.e., a continuity between the two salt solutions). The 
salt solution may be reused for several tests; however, care should be taken 
to avoid evaporation and increases in concentration. It is recommended that 
should a leak be detected, the same container be subjected to a dye 
penetration test, which will be described later. 

The dye penetration test is very similar to that described for rigid metal 
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Figure 10.16. Electrolytic cell for leak testing (CFDRA, 1990). 
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cans; however, the penetration is passive rather than under the influence of 
a vacuum. An isopropanol solution of rhodamine B (5 g/L) has been found 
to be satisfactory. 

The container is opened, emptied, rinsed, and dried, as described for the 
electrolytic test. The container is held upside-down on a slight angle. One 
drop of the dye solution is placed at the lid and flange-sealed surfaces 
interface, and the container is slowly rotated so as to encourage the dye to 
wet the entire inside seal circumference. The dye solution is allowed to dry 
completely. The lid is then very slowly peeled completely from the body 
flange and the frosty, white sealed surfaces are inspected for evidence of the 
dye. For the nonpeelable heat seals that cannot be easily separated, 
fluorescein has been found more suitable as the leakage points on the 
outside of the seal can be identified by ultraviolet light. 

The tensile test measures the strength of a segment 1.5-2 cm wide cut 
across the seal, as shown in Figure 10.17. The seal tensile strength (i.e., the 
pulling apart of the heat seal) is measured dynamically on an Instron or 
similar equipment by measuring the total force or weight required to cause 
failure over the total width of the sample strip. Failures are illustrated in 
Figure 10.18. 

A good seal should not fail at the weld interphase. The ideal for such a 
system is that it should fail at the tensile strength of the lidding material. 
However, it is very common for failure to occur at a lower level just beyond 
the seal where the lidding has been damaged by the sealing process. Any 
significant drop may be evidence of oversealing with either excessive 
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Figure 10.17. Seal tensile strength test (CFDRA, 1990). 
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Figure 10.18. Examples of tensile strength test failures (Jackson and Shinn, 1979), 


temperature or pressure causing damage to the lidding. 

A peelable seal is designed to fail at the seal by one of three basic 
mechanisms. Adhesive failure at the seal interface leaves no apparent trace 
of the lidding on the tray lip. Cohesive failure occurs most commonly within 
the sealing layer of the lidding, but it can also occur at the top layer of the 
base web. In a multilayer structure, failure may occur by delamination 
between the layers and subsequent breakage of the delaminated layer. One 
system scores the sealing layer of the lidding to facilitate cleavage. As the 
mode of failure may depend on the angle at which the seal is peeled, 
addditional tests to assess peelability may be advisable. The peel test is 
generally carried out manually by the closure operator. The lid is peeled 
back, preferably at an angle of about 45°, in a continuous and uniform 
motion. Unfortunately, this is a very subjective test and requires considerable 



Figure 10.19. Peel strength test apparatus (CFDRA, 1990). 
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experience to assess the results properly. Equipment has been constructed 
(Fig. 10.19) to permit quantification of the force required. 

Microscopy is both a very useful and underused analytical technique. 
It is often easy to spot problems such as jaw misalignment, excessive 
pressure, or contamination by viewing cross sections of the seal under a 
moderate magnification. Figure 10.20 shows a series of seal profiles that use 
progressively more jaw pressure. 

The same nondestructive and destructive inspections and tests and at 
the same frequencies as given for their metal counterparts should be 
employed. 

10.5 AUTOMATIC CONTINUOUS IN-LINE INSPECTION SYSTEMS 

The presence of container faults greatly increases the potential for 
postprocess microbial contamination. In-line systems that can detect and 
reject leaking containers or those with faults that may adversely affect the 
container integrity can reduce the risk of postprocess contamination. Systems 
are either available or are being developed for a wide range of containers 
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Figure 10.20. Effect of jaw pressure on heat seals (CFDRA, 1990). 
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and closures. Equipment costs are generally quite high and must be 
balanced against the benefits accrued. The following is a summary 
description of some of these systems and is not intended to be exhaustive. 
For more detailed information, the reader is advised to contact the 
manufacturers listed in the bibliography to this chapter. 

The empty container can be inspected prior to filling for flange damage, 
size, shape, dents, and so on, and after filling, before closure, for seal area 
contamination, correct head space, fill weight, and temperature. 

Reel stock can be inspected for pinholes and foreign material 
contamination at the infeed. 

After closure the seal or seam can be inspected for visible defects; 
physical dimensions and top profile can be measured. Another opportunity 
for this inspection is at the labeler. 


10.5.1 


Vision Syste 


H 


s 


Vision systems are used to determine dimensional accuracy during container 
manufacture, to inspect for flange contamination prior to sealing, and in the 
inspection of double seams for visible defects. 

The Qualiplus systems employs special gray-scale image processing 
techniques. Solid-state matrix array cameras, which have an effective grid 
of approximately 180,000 light sensors (pixels), are used as receptors. The 
intensity of light received by each pixel is converted into a voltage level and, 
in the image processor, into a digital value that corresponds to that intensity 
of light or shades of gray at the point of the image. This system is able to 
discriminate 256 gray shade values per pixel. A special algorithm for very 
rapid information processing enables small contrast differences to be seen 
(i.e., differences in shades of gray) between pixels at a very high speed. 
Their sealing surface inspector is apparently the only vision system 
specifically designed to inspect the seal flange areas of plastic containers for 
contamination and damage prior to sealing. It is mounted on the conveyor 
after filling, but before closure. Inspection rates of up to 1600 are claimed 
for the system. 

The Can-Scan, developed by Filler Protection Developments Ltd. of 
Royston has been taken over by Soudronic of Switzerland. The system can 
detect and reject empty cans with ovality, deformation, and flange damage 
by using a visual scan technique at an inspection rate of over 1500 
cans/minute. 

The CMB-Hi-Flo Optical Sensing System has been adapted to detect 
containers with loose or misplaced caps and those that deviate from a 
standard profile. Mounting prior to the seamer or continuous retort can 
help in the prevention of jams and line stoppages. It has three basic 
components: the optical sensors, the reject station, and the electronic control 
system. The control system maintains a count of all rejected containers and 
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enables the reject station to be positioned up to 64 container spaces 
downstream of the optical sensors. Inspection rates of up to 1000 
containers/minute are claimed. 

The I-Sight vision system of Electronic Automation has a single camera 
mounted overhead on the empty can feed conveyor aimed at the cans as 
they pass underneath. Inspection speeds up to 600 cans/minute are claimed. 
This rate can be doubled by the use of two cameras. Flange measurement 
accuracy of ±0.25 mm is claimed. 

The Fuji Multi Window Video Sensor can be used to detect fill level in 
glass jars and dimensional checking of various container types. A number 
of windows may be displayed on the monitor screen by operation of a 
control keyboard. The areas of the container displayed in the windows are 
compared with standard reference values. 

The Gemini apparatus of Inex vision Systems is a multiapplications 
system that can be used for filled container inspection. It utilizes feature 
windows and search lines to analyze distinctive shape, size, and pattern 
within a larger area of the container. Strobe lights are used to illuminate 
and freeze the container image as it passes through the test chamber. Line 
speeds of 1000 containers/minute are claimed. 

The Sentinel Seam Sensor of Sentinel Vision Inc. uses reflected light 
and multiple views to image the double seam and adjacent side wall area to 
record seam dimesnions and detect double seam defects. Inspection rates 
of up to 1800 cans/minute are possible with a 12-head machine, with a 
camera resolution of 0.025 mm in the vertical plane and 0.25 mm in the 
horizontal plane. 

10.5.2 Laser Systems 

These are becoming available for a number of container inspection 
appliations as their high precision is particularly suited to dimensional 
gauging. 

The Harwell Rotary Laser Beam Scanner passes a small laser beam 
through an optical assembly of prisms and lenses that both deflect and 
condition it. The assembly is moved in a circular path and the light is 
scattered back into the scanner from the object being inspected, producing 
an electrical signal via a photomultiplier tube. Defects are detected as 
variations in the intensity of the scattered light, shown electronically as 
spikes as the laser scans the object. The standard scanning speed is 50 
times/second. 

The Pak-Trac system of Peco Controls Corporation uses a precise laser 
sensor to gauge the distance from the sensor to the container being 
inspected. Any surface free of irregular reflection (e.g., beads of moisture) 
may be inspected. One potential use would be the inspection of vacuum or 
pressure in heat-sealed plastic trays. The system has a resolution of ±0.001 
in. and an operating speed of 200 feet/minute. 

The Inex Vision Systems Prolaser is a laser-based dimensional gauging 
system specifically designed for glass and plastic containers to measure 
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height, lean, tilt, and out of roundness, and to inspect the neck area. The 
container is rotated and moved vertically, while the laser scans the exterior 
of the container. Precise multiposition indexing of the turntable allows 
multiple vertical and horizontal profiles to be recorded to form a three- 
dimensional image of the container. Dimensions of the inspected container 
are displayed on a monitor and out-of-specification measurements are 
highlighted. Programmed inspection parameters are used as standards for 
comparison. A complete set of measurements can be obtained in under 40 
seconds with a resolution better than 0.001 in. 

10.5.3 Electromagnetic Induction Systems 

Electromagnetic induction systems are the most common type of fault 
detectors for filled metal cans and glass jars. They operate on the principle 
that a magnetic field will be disturbed by the proximity of the container; 
hence, changes in the geometry of the container, such as doming of the 
closure, can be detected. Rejection can be affected at the selected voltage 
level that corresponds to an unsatisfactory vacuum or pressure. 

The ADR container closure monitor manufactured by the Food 
Instrument Corporation, designed for the inspection of filled and sealed 
metal and some plastic containers, offers an inspection rate of up to 1400 
containers/minute. The contacting sensor will monitor changes in end 
deflection of approximately 0.001 in. over a deflection range of ±0 005 in. 
The Peco Vac-Trac, of similar performance, is also available. The change 
in the end plate deflection is generally the result of a loss of head space 
vacuum, primarily due to leakage. However, as will be seen in Chapters 17 
and 18, these devices have been used in a mechanical sorting of cans for 
serious defects. 

The Tracker by Taptone is a noncontact microprocessor-based system 
that measures the lid profile by the use of a multisampling proximity probe. 
After the container passes the inspection station, the lid profile samples are 
digitally processed to calculate the curvature. It is claimed that the 
multisampling technique overcomes the problem of conveyor vibration that 
can affect the performance of single- or three-point measuring systems. 
Taptone also produces the Puffer for inspecting containers with flexible 
membrane seals. The test containers are gently heated to increase the 
temperature of the air in the headspace, causing the air to expand and the 
membrane lid to dome. The lid shape is measured by a noncontact 
electromagnetic profiler. If the seal is incomplete, then the air will escape 
and the membrane will remain flat or will not properly dome. To improve 
the detection of those containers in which the head space gas expands more 
rapidly than it can escape, a motorized belt presses onto the closure to force 
air cut of the head space. 
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10.5.4 


Other Syste 
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A number of other systems have been developed for the inspection of plastic 
containers. 

The Genesis Checkseal may be used to inspect heat sealed plastic 
containers that incorporate a groove around the flange. Air at high pressure 
is forced into the a groove and impacts the seal area. If the seal is faulty, 
then air will penetrate the container and cause the lid to deflect. The 
deflection of the lid is monitored using an electronic sensor. 

A system for inspecting nonfoil retort pouches and heat-sealed 
polypropylene trays has been developed by Nikka Densok in Japan. A 
high-voltage, low current signal is applied to a pack by a transmitting 
electrode, with a second electrode as a receiver. If a pinhole is present, then 
there will be a discharge of current that can be measured. For food 
containers, the contact electrodes are made from copper wire brushes. The 
number of electrodes may be increased for more complex container 
inspection. Correct functioning of the system is dependent upon the 
container being dry and being made from a good insulating material. The 
food product must have a high conductivity and be filled with little or no 
headspace. Inspection rates of 60 trays/minute are claimed for a 
two-electrode system. 

A joint development of the basic system has been performed by Nikka 
Densok and Alfastar. The Safeseal follows the basic operation of the earlier 
unit; however, only the seal area is inspected. 

The Seal Integrity System Seal Analyser was originally developed for 
off-line use. Air or a gas (e.g., helium) is forced at high pressure around the 
container seal area. If there is a leakage point, then the air or gas will 
penetrate the container and cause the lid or side wall to deflect. This 
deflection is detected by an electronic sensor. The sensitivity of the system 
is dependent upon the test duration time, the pressure, the test gas, and the 
headspace volume of the container. 

The Wilcomat uses a chamber to create a pressure differential between 
the inside and outside of the container. The system will operate with either 
containers that are pressurized or have a vacuum. After a short time period 
to allow for stabilization, the air flow or change in pressure are measured in 
the chamber. Multichamber units are available and line speeds up to 400 
containers/minute are claimed. 

There are also a number of off-line systems available. These include 
systems manufactured by Taptone, ARO, Mocon, Skye, and Analytical 
Instruments. 

One important point that must be made is that 100% in-line inspection 
can only be a useful addition to the laid-down procedures of good 
manufacturing practice; it must not replace the routine quality control checks 
or lead to a reduction in quality standards. Many companies have found, 
however, that some systems can provide useful information regarding line 
performance. 
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Part III 

THERMAL PROCESSING 


1. INTRODUCTION 

Of the many critical control points in the canning of a food, none is more 
critical than thermal processing. It is the essential process in the 
establishment of the safety and stability of the end product. This was duly 
recognized by the Food Hygiene Committee of the Codex Alimentarius 
Commission when the formulated the Recommended International Code of 
Hygienic Practice for Low-Acid and Acidified Low-Acid Canned Foods. 

1.1 The Thermal Procees — Sterilization or Pasteurization 

The thermal resistance of microorganisms decreases as the pH of their 
medium is lowered. This is especially evident in the case of the spore 
forming bacteria and their spores. In addition, most bacteria, particularly 
Clostridium botulinum , will not grow in media that has a pH lower than 4.6. 
Therefore, foods having a pH below 4.6 (acid) do not require as severe a 
process as those with a pH above 4.6 (low-acid) to attain microbiological 
stability. Consequently, low-acid foods are processed at temperatures above 
I00°C (212°F) under pressure; in other words, sterUzed. Acid foods are 
processed at temperatures below the boiling point of water, or pasteurized. 
Much of the content of the chapters in this part is devoted to the 
sterilization of low-acid foods. The reason for this is that the safety of such 
foods must be assured. This does not mean that pasteurization of foods is 
not important. If acid food are not thermally processd adequately, spoilage 
will result. Therefore, much of what will be said concerning the 
establishment of a process, validation, and so on, can be applied to 
pasteurization. However, a few words concerning pasteuriztion is advisable. 

As a general rule, in pasteurization, the food should attain at least a 
uniform temperature of 85°C (185°F) throughout. This can be attained by 
two basic processes. 

One is the hot fill process (e.g., fluid products, fruit in syrup, etc.) in 
which the products are heated and held at a temperature of 85°C or higher, 
filled into the containers, and closed under steam vacuum. Rotation of the 
filled sealed container serves to pasteurize the internal surfaces of the 
container, including the closure. 
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The other is more conventional in which the products are filled into the 
containers and then thermally processed. While they may be hot filled, or 
at least the cover medium will be hot, the resultant temperture at closure of 
the container will be less than 85°C. These then require further heating to 
bring the contents to a uniform pasteurization temperature. 

The thermal processing of the prepackaged containers is usually done in 
hot water baths, canals, or sprays or in steam. These are generally carried 
out at atmospheric pressure and pressure vessels are not required. However, 
in some cases, to reduce the processing time, retorts are used at slightly 
elevated pressures and temperatures. 

The recommended procedures for developing a thermal process applies 
equally to pasteurization as it does for sterilzation. 

1.2. Thermal Processing 

Scheduled processes for canned foods should be established by competent 
persons that have an expert knowledge of thermal processing and, if 
applicable, acidification. They should have adequate facilities for making 
such determinations by employing accepted scientific methods. Methods 
used by experts in this field will be reviewed in this part. 

The microbiological safety of acidified low-acid canned foods depends 
primarily upon the care and accuracy with which the entire process is carried 
out. Low-acid foods acidified to an equilibrium pH of greater than 4.6 must 
be processed to commercial sterility. The thermal processing of low-acid 
canned foods as well as the acidification and thermal processing of acidified 
low-acid canned foods are very critical operations that involve public health 
risks and appreciable losses of finished product if inadequately processed. 

The objective of the thermal process is to achieve a microbiologically 
stable (i.e., commercially sterile) food product. It should be determined by 
carrying out appropriate heat penetration studies or other equivalent 
procedures (Chap. 12). The tests should be carried out under the most 
adverse conditions that are likely to be met under production conditions and 
that the temperature be measured at the slowest heating point in the 
container placed in the slowest heating zone in the heating vessel. A 
sufficient number of test units and trials should be carried out to ensure that 
all possible variations with respect to the product, the container, and the 
processing system have been taken into account in establishing the required 
thermal process. As heat penetration studies under production conditions 
in continuous retorts is exceedingly difficult and at time not possible, 
laboratory simulators can be used; however, only persons that have expert 
knowledge and experience in thermal processing should use laboratory 
simulators to develop scheduled processes. Wherever possible, 
the results should be verified in a production retort under normal conditions. 

While compensations for moderate changes in container size, shape, or 
type, as well as changes in the process and initial product temperatures for 
products that show simple heating curves can be derived by calculation 
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(Chap. 13). The effect of such changes, especially for products that have 
broken heating curves, should be verified by heat penetration test or other 
equivalent methods. 

In addition to the temperature/time sequence for the thermal process, 
there are other critical factors that affect the heating behavior of foods that 
should be incorporated into the scheduled process. For conventionally 
sterilized canned low-acid foods such a scheduled process should include as 
a minimum the following data: 

• Levels and types of preservatives; 

• Product and filling specifications, including any restrictions on ingredient 
changes or formulation including dimensional tolerances of solid 
ingredients; 

• Container size (dimensions) and type; 

• Container orientation and spacing in retort where appropriate; 

• Ingoing weight of products including liquid where appropriate; 

• Residual air content in the sealed container (flexible and semi-rigid 
containers); 

• pH of the product, where applicable; 

• Minimum initial temperature; 

• Water activity of the product, where applicable; 

• Venting procedures, where applicable (these should be determined on 
fully loaded retorts only); 

• Type and characteristics of the thermal processing system(s); 

• Sterilization temperature; 

• Sterilization time; 

• Overpressure, where applicable; 

• Cooling method, where applicable; 

• Storage conditions (e.g., tropics). 

The process used to acidify the product should be determined by 
accurate pH measurements of all components to ensure that the desired 
equilibrium pH is achieved, if not prior to, at least at the end of the thermal 
treatment, including cooling. Tests of the acidification procedure should be 
carried out under the most adverse conditions that are likely to be met in 
production. It is essential to carry out a sufficient number of tests to 
determine the effect of all possible variations. 

Although the thermal treatment necessary to achieve commercial sterility 
of low-acid foods acidified to an equilibrium pH of 4.6 or less is considerably 
less severe than that for low-acid foods, the same principles as described for 
low-acid foods for determining an adequate thermal process should be 
applied. As the thermal resistance of bacterial spores decreases with 
decreased pH and they will not outgrow in foods that have an equilibrium 
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pH below 4.6, the thermal treatment may only be required to kill mold, 
yeasts, vegetative bacterial cells, and inactivate enzymes (i.e., pasteuriztion 
at temperatures below I00°C. 

A similar list of critical factors should also be made for aseptically 
processed and packaged products. Such a list should include the equipment 
and container sterilization requirements. 

Product and filling specifications should contain at least the following, 
where applicable: full recipe and preparation procedures; filling weights, 
head space, drained weight, temperature of product components at filling 
and consistency. Small deviations from the product and filling specifications, 
which may seem negligible, can cause serious deviations in the heat 
penetration characteristics of the product. For rotational sterilization, 
viscosity rather than the consistency can be an important factor and should 
be specified and controlled at the specified level. 

It is a regulatory requirement in that all canned foods should contain a 
permanent legible code that identifies the produt, the canning establishment, 
and the day, month, and year that is was processed in almost every country 
in the world. This code should correspond clearly to a complete and 
accurate product specification containing, where applicable, at least the 
following: 

• full recipe and preparation procedures; 

• equilibrium pH of final product; 

• ingoing weight of product(s), including liquid, where appropriate; 

• head space; 

• drained weight; 

• maximum dimensions of product components; 

• temperature of products at filling; 

• initial temperature 

• consistency or viscosity; 

• thermal process parameters. 

Complete records that concerns all aspects of the establishment of the 
scheduled process, including any associated inoculated pack and incubation 
tests, shall be retained and readily available should it be required in the case 
of a product recall, spoilage, or at the request of a regulatoiy agency. 

When the acidification, fermentation, and pickling of foods is designed 
to reduce the pH to 4.6 or lower so that a reduced thermal process (i.e., 
pasteurization) can be applied, it is imperative that it be achieved within the 
time designated in the scheduled process and maintained. These processes 
should be performed and supervised by properly trained personnel who 
understand the principles of acidification and thermal processing. Pertinent 
tests to monitor the acidification process at critical control points should be 
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carried out with sufficient frequency to ensure that the process is under 
control (i.e., as specified in the scheduled process. Acidified low-acid foods 
that do not attain an equilibrium pH of 4.6 or lower shall be given a thermal 
process equivalent to that for low-acid foods. 

Thermal processing to attain microbiological stability (i.e., commercial 
sterility) should be accomplished using such equipment and instruments as 
are needed to ensure that the scheduled process is achieved and to provide 
proper records. It should be commenced as soon as possible after filling and 
closing the containers to avoid microbial growth or changes in heat transfer 
characteristics of the products. (As a general rule, the time between sealing 
the filled container and thermal processing should not exceed 60 minutes.) 
During breakdowns or when production is low, product may have to be 
processed in partially loaded retorts or pasteurizers in order to comply with 
the time limitation. In such instances, changes to the thermal processing 
parameters including venting procedures, where applicable, may be required. 

The initial temperature of the contents of the coldest containers to be 
processed shall be determined and recorded with sufficient frequency to 
ensure that the temperature of the product is no lower than the minimum 
initial temperature specified in the scheduled process. 

The thermal status of all containers shall be so indicated to avoid filled 
sealed containers that bypass the thermal process. This is particularly 
important in batch operations in which there is an ever-present risk of large 
quantities of containers (i.e., in baskets, trucks, cars, crates, etc.), bypassing 
the retorts or pasteurizers. Therefore, all retort baskets and the like that 
contain product for thermal processing or at least one of the containers on 
the top shall be plainly and conspicuously marked with a heat-sensitive 
indicator, or by some other effective means to provide visual evidence 
whether or not each unit has been thermally processed. When such heat 
indicators are attached to baskets, crates, and so on, previously exposed 
indicators must be removed before refilling with unprocessed product. 

The thermal process should be continuously monitored by using the 
instruments that use appropriate instruments (Chap. 14) and accurate 
records must be made and maintained. An accurate, clearly visible clock or 
other suitable timing device should be installed in the thermal processing 
room, and times should be read from this instrument and not from 
wristwatches and the like. Where two or more clocks or other timing 
devices are used in a thermal processing room, they should be synchronized. 
Some temperature/time recording devices may not always be sufficiently 
accurate and reliable to determine the sterilization or thermal process times 
and should be checked against a reliable timing device or clock. In the case 
of automated computer-controlled processes (Chap. 13) this type of check 
may not be possible, especially in the case of an automatic correction for 
process deviation; therefore, it is imperative that the process timing be 
periodically checked to ensure that the controls and programs are operating 
correctly. 
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Microbiological stability (i.e., commercial sterility) of low-acid products 
acidified to a pH of 4.6 or less when thermally processed at atmospheric 
pressure, (hotfill and hold), should be accomplished using suitable 
equipment and the necessary instruments to ensure that the scheduled 
process is achieved and proper records provided. Both temperature 
distribution and rates of heat transfer are important. Because of the variety 
of equipment available reference should be made to the equipment 
manufacturer’s instructions for details of installation, operation, and control. 
Where the hotfill and hold technique is used, it is important that all inner 
surfaces of the container reach the scheduled container sterilization 
temperature. 

In addition to the minimum product initial temperature sterilization, 
process times, and temperatures, as well as overpressure, where applicable, 
the other critical factors as specified in the scheduled process should be 
measured, controlled, and recorded at intervals of sufficient frequency to 
ensure that these factors remain within the limits specified. 

Venting for steam retorting is critical; therefore, time and temperature 
for venting operations as detailed in the vent schedule should be 
meticulously followed. 
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HEAT PENETRATION IN 

CANNED FOODS - 
THEORETICAL 
CONSIDERATIONS 


11.1 INTRODUCTION 

Canned foods must be microbiologieslly stable (i.e., commercially sterile). 
This state has been defined (Codex, 1989) as the condition achieved by the 
application of heat, sufficient alone or in combination with other appropriate 
treatments, to render the food free from microorganisms capable of growing 
in the food at normal nonrefrigerated conditions at which the food is likely 
to be held during distribution and storage. The microorganisms of concern 
can be divided into two broad categories: those that represent a hazard to 
the health of the consumer and those that can cause spoilage. The various 
microorganisms of concern to the canner in both categories have been 
reviewed in Chapters 3 and 4. Of course, the product must be organo¬ 
leptically attractive and pleasing to the consumer. 

The microbiologically stable state is primarily achieved by the 
application of heat. The container is responsible for maintaining this state 
up to the time of consumption. Food products are heated for a sufficient 
time at a specified temperature to reduce the numbers of contaminating 
microorganisms to a level that will assure the attainment of this state. The 
destruction of microorganisms by heat has been covered in Chapter 4. Heat 
also inactivates various enzymes that may adversely affect the product quality 
(Chaps. 1 and 2). It also affects the organoleptic and nutritional qualities 
of the food in a manner similar to its effect on the microorganisms and, to 
a certain degree, can be predicted in the same manner. 

Products can either be thermally processed and then placed in the 
container (i.e., aseptic packaging) or packed in sealed container and then 
subjected to the thermal process. To verify the attainment of a 
microbiologically stable state, the amount of heat received by the product 
must be known so that the destruction of the microorganisms can be 
predicted. This is determined by the temperature profile in the product 
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during both the heating and the cooling phases. In prepackaged foods, the 
container material constitutes an intermediate barrier to the passage of heat 
from the heating medium into the product or from the product to the 
cooling medium. The nature of each component in this triplet—heating 

medium, container material, and product—of heat transfer must be 
considered. 

In this chapter some of the fundamental aspects of heat transfer and the 
means by which it can be quantified will be reviewed. For those wishing to 
master their processes quickly (i.e., calculation and validation of the 
scheduled processes), and to adjust and optimize them (e.g., taking into 
account the cooking value), training in thermal phenomena using 
mathematical models and their use in the calculations is indispensable. 

11.2 HEAT PENETRATION IN CANNED FOODS 

In the case of prepackaged products the heat must pass through a barrier or 
partition formed by the container before penetrating into the product or, in 
the case of cooling, being withdrawn from the product. 

11.2.1 Heat Transfer across a Partition 

The following factors affect the transfer of heat across a partition: 

• the temperature differential (A T) across the partition, which is the driving 
force, 

• the thickness of the partition, 

• the thermal conductivity of the partition material. 

The heat transfer is increased as the wall thickness is decreased and the 
conductivity is increased. It is well known that it is easier to heat a product 
packed in a metal can (i.e., thin wall, good conductivity) than in a glass 
container (i.e., thicker wall, poorer conductivity). 

The thermal conductivity of the heating or cooling medium is also a 
factor. If it is a good conductor, then the heat exchange will be faster. 
When the heating or cooling medium is static, it actually forms another 
partition around the container through which the heat must pass. Agitation 
of the medium reduces the static portion close to the container partition that 
forms a limit or laminar layer. The greater the agitation, the thinner the 
laminar layer. The viscosity of the medium also plays a role in that the 
lower the viscosity, the thinner the limit layer at any given agitation. 

11.2.1.1 Heat Transfer Coefficient 

The ability of a partition or laminar layer to transmit heat is characterized 
by the heat transfer coefficient (h) and is expressed as: 
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Table 11.1. Some Values for the Coefficient of Heat Transfer of Limiting 

Layers of the Principal Heating/Cooling Media 


Medium 

Heat Transfer Coefficient* 

Air 

10-100 

Water 

100-3,000 

Water vapor (condensation) 

10,000 or greater 

Air/steam mixture 

from 10 to 10,000 


(composition dependent) 


Source : From Duquenoy, 1991. 

* The ranges of values depicts the effect of agitation of the medium. Values are 
given in W/(m 2 )(°C). 

h = - W/(m 2 )(°C) or BTU/(ft 2 )(h)(°F) 

L 

where k is the thermal conductivity and L is the thickness of the partition or 
laminar layer. 

As the thickness and thermal conductivity of the packaging materials 
used are known, their heat transfer coefficients can easily be calculated. For 
example, the heat transfer coefficient of a metal container with k = 18 
W/(m)(°C) and L = 0.0003 m is 60,000 W/(m 2 )(°C); that for a glass 
container L = 0.002 m thick and k = 0.5 W/(m)(°C), will be 250 
W/(m 2 )(°C). 


The thickness (L) of a laminar or limit layer formed by a heating or 
cooling medium varies and is generally not known. Therefore the heat 
transfer coefficient must either be determined experimentally or calculated 
empirically (Loncin, 1976). Some experimentally determined values are 
given in Table 11.1. 


11.2.1.2 The Quantity of Heat Exchanged across a Wall or Laminar Layer 


The quantity of heat (Q) can be quantified by the following expression: 


Q=AhAT (watts) 

where A = surface area, h = heat transfer coefficient, and A T is the 
temperature differential. 

This relationship can be compared with Ohm’s law in electricity, in 
which the electrical potential difference (volts) divided by the electrical 
current (amperes) is constant and equal to the resistance. Therefore, as 
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MAh is equal to QhT> it is a measure of the resistance to the heat transfer 
or flow. In the case of a series of resistances (e.g., a laminar layer and an 
adjoining partitioning wall), they are treated in the same manner as in 
electricity in that they are additive. If MAh± is the flow resistance of the 
laminar layer and MAh that for the partitioning wall, then the overall 
resistance for the two elements together will be: 

MAh % = MAh x + 144/i p 

and the quantity of heat exchanged is: 

Q=Ah g AT (11.1) 

For canned foods, AT is the temperature difference between the heating 
(or cooling) fluid in contact with the container and the product inside, and 
A is the surface area of the container. As A is common, the previous 
expression for h can be reduced to: 

Mh = Mh t + Mh p (11.2) 

However, it should be noted that this relationship can be altered by the 
shape of the container. 

11.2.2 Heat Penetration into a Packaged Product 

Heat is dispersed throughout a product by convection, conduction, or a 
combination of the two. 

11.2.2.1 Convection Heating 

In convection heating the heat is dispersed by movement or displacement of 
the material. This occurs in fluid products (e.g., soups) or products that 
contain particulate matter suspended in a fluid (e.g., peas in brine) or in 
some pastelike products that change from a semisolid to a fluid state during 
heating (e.g., liquefying fats or starch gels, etc.). In natural convection, the 
movement is the result of differences in the density within the fluid, which 
in turn is linked to the differences in temperature within the fluid. The 
greater the temperature differential, the greater the movement, whereas, 
when convection is forced or induced by mechanical action (i.e., rotation or 
vibration), the rate of movement of the fluid is directly dependent upon the 
mechanical activity (i.e., rotation or vibration rate). In natural convection, 
as temperature equilibration is approached, the convection current decreases 
progressively to be replaced by pure conduction heating. Forced convection 
only disappears upon cessation of the induced agitation. 

Convection heat transfer cannot be explained in terms of simple laws. 
It is certain, however, that the quantity of heat transferred is proportional 
to the enthalpy of the product in movement and the rate of displacement. 
Unfortunately, this rate cannot be established. 

In modeling of pure convection it is assumed that the convection current 
predominates sufficiently to assure, for all practical considerations, 
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temperature uniformity throughout the fluid component at any time interval. 
This is certainly ideal as the heat can be carried throughout by the fluids 
when they are well agitated. While there is no resistance to the thermal 
exchange throughout the fluid component of the product, there is an internal 
laminar layer formed at the internal container surface that has its own heat 
transfer coefficient, h This must be added to the overall heat transfer 
coefficient and Eq. 11.2 then becomes: 

l/h g = llh t + llh p + l/h f 11.3 

11.2.2.2 Conduction Heating 

In conduction heating the temperature is not uniform throughout the 
product as heat is progressively conducted from the hotter to the colder 
portions. The rate at which this takes place is dependent upon the thermal 
conductivity of the product (e.g., the higher the conductivity, the more rapid 
the transfer). Conduction heating occurs in solid or very thick pasty 
products (e.g., solid pack tuna, luncheon meats, concentrated vegetable 
purees, pates, etc.), or even in products that have particulate matter 
suspended in a liquid and in which movement of the liquid portion is 
inhibited (e.g., spinach). The temperature gradient progressively decreases 
as thermal uniformity is approached (i.e., as the temperature at the 
geometric center of the product mass approaches that of the heating 
medium. 

In pure conduction, the immobile product acts as a solid isotrope with 
a thermal conductivity of k. The flow of heat to some point M in the 
product is then defined by Fourier’s law, which states that the rate of heat 
flow is directly proportional to the partitioning wall thickness (L). Hence: 

dQ A TA 

—— 00 - 

dt L 

11.2.2.3 Conduction/Convection Heating 

When solid particles are suspended in a fluid, there is a convection heating 
in the liquid and conduction in the solid particles. In fact, even within the 
same product fraction, the two modes of transfer coexist and participate in 
the equilibration of the temperature by the flow of heat. In very viscous 
products, like purees or some soups, convection is sometimes insufficient to 
ensure temperature equilibration, and the transfer of heat by conduction is 
involved; in some cases it is dominant. In many canned food products the 
two modes of transfer coexist, and it depends upon the product and the 
manner in which it has been packaged as to which one will predominate. 
Thus, in a can of soup that is subjected to agitation, convection 
predominates, as compared with a canned pate, in which conduction is 


(11.4) 
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predominant even when the can is agitated as the absence of mobile 
particulate matter in the container renders the agitation virtually useless. 

The third case is represented by products in which solid particles are 
enclosed in a fluid whose temperature is considered to be uniform. In this 
case the solid particles are assumed to be immobile and the two preceding 
models—convection and conduction—are involved. This model type is 
applicable in present-day canneries as there are numerous products in which 
solid particles are suspended in a fluid (e.g., vegetable soups). 

11.2.2.4 Transitional Heating 

Any change in the product viscosity or physical state during heating can 
cause a change in the heat transfer mode. Some products exhibit increased 
fluidity during heating due either to a decreased viscosity or a change of 
state from a solid to a liquid. In such cases, heat transfer by convection 
becomes more evident and can predominate. On the other hand, there are 
products in which the viscosity increases or a change of state from liquid to 
solid occurs during heating; hence, heat transfer by convection is decreased, 
conduction increases, and, in some cases, it predominates. 

11.3 MODELING HEAT PENETRATION 

The penetration of heat into a product is followed by measuring the 
temperature changes with time. The rate of change of the product 
temperature will be more rapid when the heat transfer across the container 
walls is maximized by having a good overall heat transfer coefficient, a 
maximum surface area to volume ratio, and a maximum temperature 
differential between the two container surfaces. The heat flow to or from 
the product is enhanced by natural or induced convection and/or increasing 
the thermal conductivity and when the contents have a low thermal inertia 
(i.e., low mass and thermal capacity). 

Some of these factors exert a constant effect over time, while others vary 
due to the behavioral changes discussed earlier. However, the temperature 
differential across the container wall is a prime variable and is the driving 
force for the heat exchange. 

11.3.1 The Exponential Relationship 

The rate at which the temperature T(M) measured at point M in canned 
food changes can be quantified by the derivative of the temperature with 
respect to time (/) or dT(M)/dt. The heat exchange depends upon the 
difference between the temperature (T r ) of the medium outside the 
container and the temperature ( T) of the product at the internal container 
wall surface. The rate can be resolved by: 
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8T (M) } = k ( t> M)(T r -T) 

where k(t y M) represents the influence of the various factors presented in 
Section 11.2.2. In the most complex case, it varies with respect to time and 
is not uniform within the container. When T r is constant, the container 
contents tend to attain this temperature, and the factor k(t f M) will also tend 
to attain a constant and uniform value, which can be designated by k 00 . 
Thus, by using the relationship: 

&[T,-T(M)] _ ST(M) 

bt bt 

when T r does not vary and / is sufficiently large, it becomes: 


bt 

By substituting T for T(M) and as the product temperature at the internal 
container wall surface (7^) is practically equal, the mathematical resolution 
of Eq. 11.5 gives the formula: 



T) 


= -k m {T r -T) 


(11.5) 


(T r -T)=ae kJ (11.6) 

which, by taking the logarithm of both sides, becomes: 

log(t r -T)=\og(a)-^~t (11.7) 

Temperatures taken at four different points at successive intervals in a 
canned food during heating at 121°C ( T r ) are plotted against time in Figure 



Figure 11.1. Temperature at four different points in canned food heated at 121°C 
(Duquenoy, 1991). 
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Figure 11.2. Temperatures from Figure 11.1 plotted as the logarithm of the 
difference between the heating medium (T r ) and temperature ( T) (Duquenoy, 1991). 


11.1 (Duquenoy, 1991). In Figure 11.2, the logarithm of (T f - T) is plotted 
against time. Within a relatively short time, the curves in Figure 11.2 tend 
to become linear as compared with the curvilinear relationship in Figure 
11.1. Equation (11.7) describes a linear logarithmic relationship with the 
slope corresponding to k^J 2.303 and log(fl) the intercept at zero time. The 
term is defined as the time, in minutes, required for the straight-line 
portion of the semilog heating curve to traverse one log cycle and is the 
reciprocal of the slope of the linear portion. The relationship can be 
represented by: 


A = 


2.303 


( 11 . 8 ) 


00 


The coefficient a , the intercept of the linear portion at time zero, 
is dependent upon the location of point M and is closely linked to the time 
required by the temperature differences to begin to follow the exponential 
(log) rate. The relation a/(T r - 7^), where is generally the initial 
temperature at zero time (/ = 0), is used. If T is the temperature at the 
geometric center of the container, then this ratio, designated as j, takes the 
lag factor (see earlier) into account and: 




T -T 

1 r 1 ih 


The more rapidly that k(M,t) becomes constant, the sooner the 
rectilinear portion of the curve appears. Thus, for a well-agitated fluid 
canned food, constancy is attained almost instantly, and k(M,t) = k ^ 
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from the start; the curve is a perfect straight line with j = 1. 

There are only two situations in which linearity is not observed. One 
is when the thermal treatment is stopped before k(M } t) becomes constant; 
the other is where k^ is attained for very low values of T f - T> and the 
imprecision of the measurements, further amplified by the logarithmic scale, 
can cause the experimental points to be too widely dispersed to permit then- 
linearity to be recognized. In all the other cases, whether heating or cooling 
and regardless of the heat transfer mode, container type, or the location at 
which the temperature is measured, the behavior reproduced in Figure 11.2 
will be obtained. In the case of food in which there is a change in the heat 
penetration parameters during heating, two curves will be observed in what 
is commonly called broken heating occurs. However, each curve will follow 
the preceding behavior. Therefore, it is very difficult, if not impossible, to 
draw conclusions from these curves as to the actual nature of the 
phenomena brought into play. For example, the case of the well-agitated 
liquid canned food is not the only one in which linearity is attained from the 
onset. With the aid of mathematical models, explanations for this will be 
offered. 

11.3.2 Modeling the Temperature Evolution 

There are two different approaches to the modeling. One is based on the 
description of the phenomena brought into play and their quantification by 
physical laws. The model is formed from an assembly of laws in the form 
of a balance, in this case a heat balance. This is referred to as a determinist 
or knowledge model y and there are the models for pure convection or 
conduction. The other is based upon actual observation. The observed 
values are replaced by a mathematical relationship that has a form chosen 
a priori, but with which the coefficients can be adjusted in a manner to make 
the calculated values very closely coincide with the observed values. This is 
called a representative model and will be seen in the Ball and recursive 
models. Although different, these two approaches in no way oppose one 
another; on the contrary, and as will be seen, they often complement each 
other. 


11.3.2.1 The Perfect Convection Model 

The model is based on the hypothesis that the heating is rapid and the heat 
uniformly dispersed throughout the product. Therefore, temperature T at 
any time interval is uniform. The heat balance consists of equating the 
variation in the quantity of heat present in the container to the flow of heat 
across the packaging walls, which can be represented by the expression: 

d(mCT) 

--^ g {T r -T) 
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where h = calculated according to Eq. (11.3), m = the mass contained in 
the container, C^ = its mass thermal capacity (J/kg/°C), and A = the 
container surface area. 

bT is replaced by dT because T only varies with the time /. This can also be 
written as: 


dT Ah 


8 


dt mC 


( T r -T ) 


When T r is constant, k ^ in Eq. (11.8) can be equated to Ah^/mC^ and: 

4 = 2 . 303 ^ ( 11 . 10 ) 


Ah 


8 


To solve this equation (i.e., to integrate it with respect to time) the 
temperature of the container contents at zero time, 7^, must be added. In 
the case where T r is constant, the following solution is obtained: 


( T-T) 

U = — -- = 10 f ‘ 

Vr-TJ 


( 11 . 11 ) 


U is called the reduced temperature and is a quantity without dimension, 
has been defined earlier, and can be calculated from Eq. (11.10) as C ^ 
m y and A can be easily measured. A rapid automated line heat source 
system for the measurement of thermal conductivity and diffusivity of food 
products was presented by McGinnis (1987). 

For the case in which T f is not constant over time (e.g., where the 
retort temperature is raised in stages), this equation can be solved by a 
numeric method, the simplest being the method of Euler, which consists of 
the following iterative calculation: 


T(t + At)=(T(t) + At)^[T r (t)-T(t)] 

mCp 

starting from t = 0 where T = T ih and At is small time interval or time step. 

The calculation, which can easily be programmed on a 
microcomputer, is an approximate solution whose precision will be 
considerably improved when At is very small. While there are more precise 
methods, they are more complicated. For more details, consult Gourdin and 
Boumahrat (1983) for their description. 


11.3.2.2 The Pure Conduction Model 


In conduction heating, the temperature is not uniform throughout the 
product at any time interval and the heat flows through a temperature 
gradient to a point M in the contents of the container. Thermal flow rate 
per unit surface area is defined by Eq. (11.4). At the time of its passage to 
point M, the thermal flow varies. It increases, then heat is taken up from 
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point M\ conversely, if it decreases, then heat flows from the center to point 
M. Therefore, the temperatures will decrease or increase, respectively. The 
flow variation can be quantified mathematically by the divergence operator, 
which is a form of a space derivative for the vectors, noted by div(). The 
rapidity of the accumulation of heat at point M can be written: 


a(P c pT ) _ 


dt 


= -div(^) = -div(-itvr) 


where qC' represents the volumetric thermal capacity of the product 
(//:m^/°C). If Q_C and k are constant, then: 


dT 


dt p C 


v 2 r 


( 11 . 12 ) 


2 

V symbolizes the Laplacian operator. Definitions and descriptions of the 
operators V, div, and can be found in any good mathematical text (cf. 
Bronstein and Semendaiev, 1976). At this time, it is sufficient to remember 
that the Laplacian corresponds to a double derivative with respect to the 
space variables of x, y, and z. klgCp is called the thermal diffusivity (a). 
Tung et al. (1988) have prepared a list of values for food products found in 
the literature. 

Equation 11.12 contains partial derivatives. To be solved, it must be 

integrated with respect to time. For this, a condition must be added that is 

the description of the thermal state of the container contents at time t = 0, 

which is the start of the treatment. For example, these could be: 

/ = 0, T = Tfo Vx, y, z ( T uniformly equal to 7^) 

It also must be integrated twice with respect to the space variables x, 

y> and z, and to add two conditions to the limits that are a description of the 

influence of the environment on the container contents. In this case, the 

heat passing through the external limiting layer, the container wall, and from 

(or to) the internal container surface to (or from) the product as defined by 

the overall heat transfer coefficient (h ) by Eq. (11.3) gives the following: 

6 


h g (T r -T s ) = -kVTn 


where n is a unit vector orthogonal to the wall and directed toward the 
interior. T s is the temperature at a point on the surface and V7 is the 
gradient at this point. 

For the relatively simple geometric forms used in canned foods, the 
origin of the x y y y z axes is placed at the geometric center of the object and 
the axes are chosen in a manner to be perpendicular to the walls. In the case 
of cylindrical containers or spherical objects (e.g., sweet peas inside a 
container) a system of curvilinear orthogonal coordinates particular for 
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cylinders or spheres is used. The conditions to the limits can be written as: 


hJT,-T) = k 


ST 


St 


h(T r -T)--k 


ST 

St 


when X = X max and 


when X = -X max . 


This is repeated for each of the other axes. 

The solutions for these equations are only known for those cases in 

which: 


• geometric forms are simple and ideal (e.g., sphere, cylinder, or slab), 

• the initial temperature ( T is uniform, 

• the temperature (T r ) and overall heat transfer coefficient (hg) are 
constant and uniform. 


These conditions imply that there will be temperature profiles that present 
a symmetry of rotation with respect to the central point and that the heat 
transfer will be unidirectional. 

In the case of the simple geometric forms (e.g., sphere, infinite cylinder, 
infinite slab) Duquenoy (1991) solves Eq. (11.12) by the following infinite 
series: T - T 00 

u = -=r~=r --ZAWexpi-rfFJ (11.13) 

l r~ l ih i -1 

and when X = */* max 




Log (B/) 


Figure 11.3. The relationship between j and the Biot number (Bi) (Duquenoy, 1991). 


(11.14) 
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Figure 11.4. Relationship betweenexpressed in Fourier units and the Biot number 
(Bi) (Duquenoy, 1991). 


The symbol F Q used in Eq. (11.14) for the Fourier number should not be 
confused with Fq, which will be used later to represent the lethality or 
sterilization value of a process. 

In this series, the mathematical expression A() is dependent upon the 
geometric form, fi- upon the Biot number with Bi as defined in Eq. 11.14. 
Many values of fi- exist, and in increasing order: 

Pi + 1 > H 

Hence, for Fo (thus /) sufficiently large, the successive terms of the series are 
very small in front of the first and then: 

U =A(/i l ,X)exp(/i l F o ) 

Comparing this expression with the Eqs. (11.7), (11.8), and (11.9), it can be 
seen that it is possible to identify j and by: 


y = A(/ipO) 


(11.15) 


fh = 2.303 —^— (11-16) 

j inherits the properties of the function A(); therefore, it depends upon the 
geometric form considered and the Biot number. In Figures 11.3 and 11.4 
Duquenoy (1991) shows the variations of j and (in Fourier units) with the 
Biot number. Equation (11.14) for the Biot number can also be written: 




/ 


This is the ratio of the internal resistance to heat transfer, due to the 
conduction between the wall and the center of the container (i.e.,^ ax /yt), 
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Figure 11.5. Changes in U at the center (x = 0) and at the perimeter (x = 1) of an 
infinite cylinder as a function of the dimensionless time (Fourier number) for various 
values of the Biot number (Duquenoy, 1991). 


to the external resistance to the heat transfer due to the container wall and 
the associated limit layers (i.e., 1 /hg). When the heat transfer to the external 
product surface is very slow (i.e., poor agitation or conductivity of the 
heating medium, thick partition wall, or low conductivity) as well as that to 
the product interior (i.e., low Jf max , low product conductivity), the 
subsequent Biot number is small and the parameter j approaches 1, 
regardless of the geometric form. Therefore, the thermal evolution behaves 
in the same manner as for a perfectly agitated fluid product. 

In Figure 11.5 Duquenoy (1991) plotted the logarithm of the U values 
for X = 0 (at the center) and for X = 1 (at the perimeter) of an infinite 
cylinder for various Biot numbers against the Fourier number. It can be 
seen that the higher the Biot number, the greater the gap between the two 
curves (i.e., the more the temperature is heterogeneous in the cylinder). As 
j also increases with the Biot number, it can be said that j reflects this 
heterogeneity; when the temperature is homogeneous,; = 1. The higher the 
j value, the more heterogeneous the temperature. 

For the other simple geometric forms, the general effect of the functions 
and the relations between fi- and the Biot number are described in a great 
number of mathematical works. As an example of these, the work of Crank 
(1967) should be reviewed. For the two geometric forms that are of most 
concern to the canner—the infinite cylinder and slab—Duquenoy (1991) 
employs the following expressions for^4() and jl l-: 

For an infinite slab: 

fi- root of cot fi- = fji'j Bi 
2 sin (ll) 

and A () = -^- cosfa.X) 

/x, sin cos (/A;) 
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For an infinite cylinder: 


and 



In these expressions: 



x 

g max 



Jq() and /j() zero- and first-order Bessel functions. 

In solving Eq. (11.12) for bidimensional (i.e., cylindrical can) or 
tridimensional (i.e., parallelepiped formed container), heat transfer 
Duquenoy employs the product of the solutions of this equation in the 
unidimensional cases. 

Thus: 

U (cylindrical container) = U (infinite cylinder) x U (infinite slab) 

and 

U (parallelepiped container) = U (slab) x U (slab) x U (slab) 

for x for y for z 

From these expressions he deduced that: 

j (cylindrical can) = j (infinite cylinder) x j (infinite slab) (11.17) 
j (parallelepiped container) = product of the j for the infinite slab for x, 
y, and z. 

As can be seen in Figure 11.3, as the Biot number increases, the j value 
for an infinite cylinder approaches a maximum constant value of 1.61 and 
that for an infinite slab a value of 1.27. Thus, using the preceding 
relationships, Duquenoy (1991) calculated the theoretical j values for both 
types of containers: 

j (cylindrical can) = 1.27 x 1.61 = 2.04 
j (parallelepiped container) = 1.27 x 1.27 x 1.27 = 2.04 

He similarly deduced that the f h for a cylindrical container can be 
computed from the following: 


_ 1 _ = _ 1 _ 1 

f h (cylindrical can) f h (infinite cylinder) f h (infinite slab) 

and for the parallelepiped container, the reciprocal of the f h is equal to the 
sum of the reciprocals of the f h for each infinite slab with respect to.*, y, and 

z. 

These expressions for j and and the relationships between Bi and /x- 
permit the interpretation of the experimental results for j and f h in terms of 
the heat transfer coefficient and the thermal conductivity k. 

Equation (11.12) can be solved for deviations from the ideal cases 
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treated earlier. The solution employs numerical method of finite differences 
for the simple geometric forms and that of finite elements for the more 
complex or irregular geometric forms. These will be reviewed later in this 
chapter. 

Where there is a mixture of liquid and solid particles and both 
convection and conduction heating are evident, the thermal balance for the 
liquid is as follows: 

(mC A^r M *«< 7Sf Wi( Ti-TJ 

ai i=i 


P is the type number of the solid particles (a type = shape and dimensions), 

(Ah ) is the product of the total surface area of the particle and the 

6 

liquid-solid coefficient of heat transfer, and T si the temperature at the 
surface of the solid particles. 

T si is obtained by the simultaneous solution of the partial derivative 
equation: 




With the aid of these models some simulation results have been 
presented by Bimbenet and Duquenoy (1974) and others, as will be seen 
later. 

It is impossible to describe poor agitation in mathematical terms. At 
best, in the case of perfectly immobile containers holding Newtonian liquids, 
the model for the natural convection and its effects on the heat transfer can 
be applied. The reader is advised to refer to the excellent work of Hiddink 
(1975) on this question, as it shows at which point this approach is difficult 
and the chances for success (a good realistic approach) slight. 


11.3.2.3 The Ball Model 


When the temperature of the heating (T r ) or cooling (T w ) medium is 
constant the rate at which the temperature changes within the product, at 
least when the time (t) is sufficiently large, can be compared with the 
exponential expression in Eq. (11.6). 

For a two-stage thermal treatment, with a heating temperature of T r and 
a cooling temperature of T w , the end of the heating stage can be defined by 
the expression: 

t 

T r -T = (T r -T ih )j ch W f ' 

and for the end of the cooling: 

-('-g 

T-T =(T -T )j 10 fc 

w V * g w/ J cc 
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j cc and f c for cooling are analogous to j ch and f h , and t g and T g are the times 
and temperatures at the end of the heating, and: 




= Tr(T r ~T ih )j 


ch 


10 f ' 


To reconcile the two curves—heating and cooling—Ball used a hyperbolic 
arc with the following dimensions: 


with 

and 

or 


T -T+a' 

2 

f-/ 

g 


g 

a ) 


b 




b = -0.527 log(e)/ c log 


0.657 


b = 0.22887/log( 




cc 


cc 


0.657 


) 


When j cc = 1.41, as defined by Ball, this equation leads to b = 0.0759/ c , the 
value identical to that presented in Ball and Olson (1957), Merson et al. 
(1978), and Hayakawa (1977). These values of a and b assure that the 
hyperbola is joined from t = t g to the exponential heating curve and that, 
at / = / T / c log(), it is united with the cooling exponential. The values 0.3 
and 0.657 have been obtained empirically by Ball and Olsen (1957). 


t = + 0.434/, log 


' 

Jcc 

, 0.657, 


The preceding equation is used to calculate the time when the hyperbola 
joins the semilogarithmic linear cooling portion. 

The mathematical model used in the method of calculating the 
sterilization value and process time is essentially that of Ball. Several 
adaptations, referred to as formula methods based on the Ball model have 
been developed (e.g., Gillespy, 1951; Stumbo, 1953; and Hayakawa, 1969). 
In the United Kingdom that of Gillespy has seen widespread use, whereas 
that of Ball has been the preferred approach in North America. Variations 
on the Ball method that claim increased accuracy have been presented 
(Herndon et al., 1968,1969, 1971; Flambert et al., 1971; Merson et al., 1978; 
Steele et al., 1979; Steele and Board, 1979). A nomogram method based on 
a graphical representation of the Ball method was advanced by the American 
Can Co. (1967). All these formula methods have their limitations, and they 
all require substantial knowledge of their background and development 
before they can be used correctly and safely. 

The basic mathematical model used for determining the lethality or 
sterilization value of a process is based on the work of Ball (1923): 
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Various workers have proposed that a total integrated sterilization value, 
designated by F s , for the whole container or lot may be a more appropriate 
criterion. Gillespy (1951) used a model that predicted the F s value by using 
a series of constants from different tables. Stumbo (1953) derived a 
relationship to calculate this value based on the lethality at a point within 
the can whereby the lag factor (/) was exactly half of the value at the 
geometric center. Jen et al. (1971) improved this approach by introducing 
constants for the different geometric shapes encountered in canning at the 
time. Jacobsen (1954) used the thermal diffusivity of the food, a parameter 
that remains approximately constant, to derive a relationship for F. Ball 
and Olson (1957) also developed a method for its calculation that served as 
a reference standard for other methods. While many workers have sought 
to develop more accurate methods, the approach using finite differences has 
superseded those for accuracy and simplicity. 

The Ball formula and its various amendments have served the canning 
industry well during the more than a half a century since its conception. As 
will be seen in Chapter 12, the contribution to the lethality or sterilization 
value of the come-up time (CUT)—that is, the time required for the heating 
medium to attain the required temperature (T r )—is frequently over- or 
underestimated by the Ball approach. While such discrepancies can be 
detected by application of the general method for determining the lethality, 
compensations are difficult, cumbersome, and at times questionable. A 
more precise and accurate method for predicting the heating behavior of the 
product during all phases of heating and cooling to provide a process 
lethality comparable to that derived from the general method is desired. 

The j ch value for convection heating products is theoretically 1.00; for 
conduction heating products, 2.04. These values are seldom realized in 
practice. The 58% rule for the adjustment of zero time employed in the 
Ball formula method directly affects the subsequent determination of the j ch 
value and, hence, the sterilization value. A method that can more accurately 
predict the heating behavior during this phase in which the heating medium 
temperature varies should permit a more accurate estimation of the process 
lethality and the effect of changes. Experience has shown that the heating 
behavior during the CUT may not be uniform; in fact, it can vary from one 
test unit to the other for the same product, container type, fill, and 
processing conditions. The j ch value does not reflect this variation, and 
better methods are required so that such variations can be taken into 
account. 


The Ball formula method requires that the process temperature 
following the CUT be constant. While this is the objective in most retorts, 
it does not allow for different approaches to the heating, such as stepwise 
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heating, as is used in the steriflow process, or being able to increase the 
temperature differential, ( T-T) y especially during the latter stages of the 
heating process to increase the rate of heat penetration and reduce the 
required process time. A method that can predict the product temperature 
from any process temperature would permit the prediction of the effects of 
such processes. 

Process deviations are a special case of a variable process temperature. 
These are generally the result of a fall in the process temperature at some 
time during the process and are frequently of a short duration. If detected 
at the time they occur, the most common corrective action is immediately 
to give the product another thermal process. This certainly overcooks the 
product, which can adversely affect the product’s organoleptic and nutritional 
quality. When detected at some time after completion of the thermal 
process, the product must be quarantined and thermal processing specialists 
called in to evaluate the lot and suggest what action should be taken. Either 
procedure is expensive and time consuming: both important factors in 
today’s canning industry with its minimal profit margin. A method that can 
only predict both product temperature and accumulated lethality from the 
process temperature, even if it varies, could be linked to a control system so 
that such deviations would be detected as they occur and corrective action 
taken immediately to increase the process time and/or temperature to 
compensate for the deviation. 

Canners want to be able to fine tune their processes in order to 
maximize productivity, minimize energy utilization, and produce a product 
that has a better organoleptic and nutritional quality. The fine tuning 
frequently goes in the direction of reducing the thermal process to the 
minimum while still providing proof to the various regulatory agencies 
involved that the product will be safe—hence, the search for a predictive 
method that can be linked to a real-time automatic control of the process. 

11.3.2.4 Numerical Methods 

For regular shaped container or particulate geometries common to the food 
industry, finite differences methods based on a regular gridwork of nodes 
(Figs. 11.6 and 11.7) have been established for some time (Teixeira et al., 
1969; Manson et al., 1970). However, if the shape is irregular and cannot 
be approximated by a cylinder, brick, or sphere, then it is necessary to define 
the geometrical boundaries using the more complex numerical technique of 
finite element analysis. 

Transient heat conduction into finite cylinders is governed by the 
following partial differential equation, which is a two-dimensional equation 
in cylindrical coordinates and assumes azimuthal symmetry. 
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Figure 11.6. Arrangement of nodes for cylindrical geometry (Tucker, 1991). 


dT (d 2 T l dTT d 2 T\ 

— = a -+-+- 

dt dr 2 r dr dy 2 ) 

where T = center temperature, °C or °F 

t = time, seconds (s), 
r = radial distance, meters (m), 
y = vertical distance, meters (m), 
a = thermal diffusivity, m 2 /second. 


(11.18) 


A number of numerical techniques have been used to solve this partial 
differential equation, including finite difference equations (Croft and Lilley, 
1977; Carnaham et al., 1969) based on a gridwork of nodes as shown in 
Figure 11.6. Carnaham expanded Eq. (11.8) in a Taylor series for T^jj and 
T i+ ij about Tjj y and for and T ij+1 about T- to give: 


Forward difference: 

err 

_ C* 0 - T tJ (0 


dt 

At 

Central difference: 

a 2 r _ 

(T^j-2T iJ+ T hl] )(t) 


dr 2 

(Ar) 2 

Backward difference: 

1 dT 

i (r MJ -r MJ )(0 


r dr 

r 2 (A r) 2 

Central difference: 

d 2 r 

(^-i -ZTtj+T^') 


dy 2 

(Ay) 2 


where T-^ = temperature at node i,j at time /, °C or °F 



















HEAT PENETRATION IN CANNED FOODS - 
THEORETICAL CONSIDERATIONS 


403 


A/ = time increment, seconds 
Ar = radial increment, m 
Ay = vertical increment, m 
r — radial distance of node ij from center axis, m 
Substituting these into Eq. (11.18) gives: 




+ 



+ 


aAt 

2iAr 


T 

Vm 



aA/ 

Mi 2 




This equation can be used to find the temperature at any nodal point inside 
the cylinder at time (/4-A/) given the temperature of surrounding points at 
time (/). It is assumed that the initial temperature (/=0) at each node is 
uniform across the container, and that for this particular solution to Eq. 
(11.18) the surface temperature of the cylinder equals the ambient 
temperature. Teixeira et al. (1969) used this technique for in-container 
sterilization; however, the solutions for the equations took many hours of 
computer time. Flambourt and Deltour (1972) used the model to investigate 
the critical area for a conduction product in a can, and concluded that a 
ring-shaped area around the center received a lower thermal process when 
cooling was considered than the geometric center itself. Purohit et al. (1971) 
also used this technique to evaluate the thermal portion of a combined 
thermal and irradiation process for cylindrical cans. 

Transient heat conduction into a rectangular parallelepipe or brick is 
governed by the partial differential equation: 


ar 

dt 


- a 


d 2 T d 2 T d 2 T 


dz 


\ 


(11.19) 


dx 2 dy 2 

where T = product temperature, °C or °F 

t = time, seconds 
x = distance in x direction, m 
y = distance in y direction, m 
z = direction in z direction, m 
a = thermal diffusivity, m 2 /s. 

This equation can be solved using finite difference equations, in a similar 
way to that used for Eq. (11.18), based on a three-dimensional grid of nodes 
as shown in Figure 11.7. Equation (11.19) can be expanded using a Taylor 
series for , k and T i+JJ>k about T ijk for 2y. u and T iJ+l k ; and for T iJk .j 

and T U,k+l afcout T i,j,k t0 8 ive: 


err 

dt 






Forward difference: 
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Figure 11.7. Arrangement of nodes for rectangular geometry (Tucker, 1991). 

Central differences: — = 

dx 2 (At) 2 

&T = ( T i J -u- 2T ijx + T iru') ^ 

dy 2 (Ay) 2 

dz 2 (Az) 2 

where T- •. = temperature at node u f k y at time t , °C, or °F 
A/ = time increment, seconds 
Ac = increment in x direction, m 
Ay = increment in y direction, m 
Az = increment in z direction, m 

Substituting these finite equations into Eq. (11.19) provides a solution 
for the center temperature, T, at any time t. Manson et al. (1970) used this 
technique to evaluate lethality and nutrient retention for conduction heating 
foods in rectangular-shaped containers. The same initial boundary 
conditions that apply to the cylindrical model also apply here, and both a 
uniform temperature distribution across the container at the start of the 
process and a surface temperature equal to the ambient temperature are 
assumed. 

Numerical techniques have been extended to include a variety of 
different shaped containers that have geometries for which a model is 
available. Manson et al. (1974) modeled pear-shaped containers by using 
geometry indices developed by Smith et al. (1967). These geometry indices 
permitted the numerical solution for conduction heating in cylindrical 
containers to be applied to other container shapes such as pear- and 
oval-shaped containers, thus extending the uses of such a model. Simpson 
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et al. (1989) used finite differences to solve the analytical solution of 
Kirkpatrick and Stokey (1959) to provide a numerical solution for an oval¬ 
shaped container that did not require the geometry indices of Smith et al. 

(1967). 

All these techniques assume that there is no resistance to heat transfer 
at the container surfaces, a situation found in the heating of metal cans in 
condensing steam retorts. To reduce the number of computations, most 
models use finite differences modeled on a fraction of the container only. 
However, conditions of infinite heat transfer, whereby no resistance to heat 
transfer is present at the container walls, are not always present within a 
sterilizing retort. For example, semirigid plastic containers will heat more 
slowly than comparable sized and shaped metal containers (Berry and Bush, 
1988) because plastic is a better insulator than metal and to some extent 
resists the heat transfer through the container wall. Plastic containers are 
not as strong as their metal counterpart and most require overpressure 
during the thermal process to counter deformation (Cabes, 1985). Different 
heating media are required when overpressures are necessary (e.g., water 
immersion or steam/air). When overpressures are applied, the external heat 
transfer coefficients are affected by the presence of air, and are less than are 
those for condensing steam (Eisner, 1988). Thus, the boundary conditions 
must be taken into account when considering heat transfer from a heating 
medium other than condensing steam (Holdsworth, 1976). 

With the establishment of numerical techniques to solve Fourier’s heat 
conduction equations for cylindrical and rectangular geometries with infinite 
heat transfer conditions at all surfaces, various extensions to this technique 
were required. Bhowmik and Tandon (1987) modeled a retort pouch in two 
dimensions by dividing the pouch into many infinite rectangular slabs and 
assuming that the length of each element is far greater than the width or 
depth, forming a network of infinite slabs across the pouch. Energy balance 
at the surface nodes allowed heat transfer coefficients to be included into 
the finite difference equations, which accounted for the reduction in heat 
transfer rates associated with superheated water processing. Tucker and 
Clark (1989) developed their cylindrical and rectangular models by using 
energy balance both at the container surfaces and also within the food to 
incorporate heat transfer coefficients into the finite difference solutions. The 
three-dimensional rectangular model required 19 finite difference equations 
to define all the boundary conditions for the eighth brick. Heat transfer 
coefficients were used to improve the modeling of the cooling phase of 
thermal processes (Tucker and Clark, 1990) whereby a container is cooled 
using air overpressure. As a further development, Shin and Bhowmik (1990) 
divided the plastic walls of a cylindrical semirigid plastic container into a fine 
network of nodes, in addition to those that extend across the container, and 
modeled the resistance to heat transfer by the plastic walls. They found, 
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however, that the heat transfer through each surface was the same, and, 
consequently, that the point of slowest heating was the geometric center. 

By extending the nodal grid to include the entire container, the model 
can include heat resistance at each surface. Thus, for a container that has 
a head space in which heat transfer rates through this air layer are reduced, 
a low value for the heat transfer coefficient can be included. This would 
certainly be applicable to semirigid plastic containers as the head space often 
occupies a large volume in relation to the total container volume. By using 
different heat transfer coefficients at various surfaces, a theoretical approach 
to locating points of slowest heating can be attempted. This makes use of 
the calculated temperatures at each node throughout the container, and 
could be used as a guide to the exact location of the point of slowest 
heating. Once the heat transfer coefficients have been defined, the 
temperature at each node within the container is calculated as part of the 
finite difference program for each time interval. Therefore, optimization of 
thermal processing conditions (Holdsworth, 1985) can be achieved by 
investigating the cook values (Holdsworth, 1990) attained at every node to 
evaluate a volume-average cook value (Ohlsson, 1980a, 1980b; Tucker and 
Holdsworth, 1990). This can be plotted for various processing temperatures 
to derive the minimum volume-average cook value for a process that will 
also receive the desired lethal rate. 

There is also a desire to be able to compute and predict lethalities and 
process conditions for products in nonconventionally shaped containers (i.e., 
other than the cylindrical or rectangular). This will require methods that are 
not primarily based on a predicted container geometry. 

The numerical method of finite differences requires the same data as for 
the Ball formula method (i.e., the heat penetration data from which the f h 
and j h are derived). Computer programs have been developed that access 
the data for substitution into the finite difference equations for computation 
of the internal temperature at any point within the container at each time 
interval in addition to computing the f h and j ch by linear regression. While 
the predicted product temperatures are in very close agreement with those 
actually observed in the heat penetration, there are some notable variations. 
Of course, the question remains regarding which heat penetration data of all 
the test units (i.e., a minimum of 10 per run and three runs) should be 
selected as typical or characteristic. While the various workers that employ 
the finite difference technique may well have solved this problem to their 
satisfaction, they have failed to report their method in the available 
literature; it remains a mystery. In this respect, this approach is faced with 
the same limitations as those of the Ball method (i.e., how to select a 
heating behavior that is truly representative or is able to incorporate the 
variations observed in a manner that would give reasonable confidence in 
the results). 
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11.3.2.5 Alternative Modeling Methods 

The finite difference approach to modeling conduction heating of foods 
assumes a food to have constant thermal properties, although, if the f h 
values generated by heat penetration data are taken as evidence, then it has 
been shown that these vary even when attempts are made to keep the 
product formulation constant. As for the f h value, the thermal diffusivity is 
assumed to be constant over the temperature ranges currently used in 
thermal processing low-acid foods. Support for this assumption is seen in 
the relationship between thermal diffusivity and heating factor, which can be 
attained by comparison of the equation for the a symptote to the semilog 
plot and the analytical solutions to conduction heat transfer (Ball and Olson, 
1957). The straightness of the asymptote to the heating curve determines the 
relationship between thermal diffusivity and temperature; thus, for a good 
approximation to a straight line the thermal diffusivity is constant. It 
remains relatively constant because it is a ratio of thermal conductivity 
divided by the product of the density and specific heat capacity. As the 
temperature changes, so each variable also changes, but the overall effect 
has a tendency to cancel out so that the thermal diffusivity remains constant. 

A little used method for modeling conduction heating of foods is 
transmission line matrix (TLM) modeling (Hendrickx et al., 1986; Hendrickx, 
1987). The method was developed for the field of electro-dynamics, and the 
technology was transferred to the area of conduction heat transfer. 

An alternative to the numerical method of finite differences is that of 
finite element analysis. While more complex and time consuming, it has 
become a useful method as the power of modern computers has increased. 
This method allows a variable thermal diffusivity to be used and irregular 
geometric shapes to be modeled. Naveth et al. (1983) described the 
development of a finite element solution for heat conduction into a glass jar 
as well as natural convection cooling of cans in air. The general uses of 
finite element modeling for food processing were discussed by Singh and 
Segerlind (1974) and de Baerdemaeker et al. (1977). The application of 
simultaneous mass and heat transfer appears to be an area of extreme 
importance to food processing for which finite element analysis will play an 
important role in the future. 

11.3.2.6 The Recursive Model 

Candau et al. (1989) proposed modeling the heating behavior as linear 
systems of order N> with a lag or delay, characterized by 2N + 1 parameters. 
This approach is not limited to a first-order relationship, as is the case with 
the Ball formula, and can be applied in situations in which T r varies, such as 
complex (e.g., multistage, etc.) thermal processes or for real-time control of 
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sterilization (e.g., rate and time of heating, compensation for process 
deviation, evaluation of the effect of accidental incidents on the final 
sterilization value, etc.). The relationship between the product temperature 
at the geometric center (T) and the heating medium temperature (T r ) is: 


Tj= T a i T j-i + T b,Tr H . 


/♦I 


which can be expanded to: 


T(jAt) = -a x T[(j - l)At] - ... -a N T [(j - N) At] + bjT r [(j - d)M] -... b N T r [(j - d - N 

+ im 


To determine the parameters of the model data, from preliminary heat 
penetration studies made at discrete and equidistant time intervals (e.g., A/, 
2A/, 3A/, etc.) are used in the calculations to establish or amend the 
parameters. As the defined model must use the same time intervals to 
simulate new situations, it is best to express the model in the sampled form 
as given in the preceding equation. The parameter d, the dead lag, serves 
to express the fact that the product response is not instantaneous. The 
determination of the coefficients a t and b- is called the model identification. 

Each triplet (i.e., heating medium, container, and contents), therefore, 
is characterized by 2N +1 parameters, which are determined from the 
preliminary study that supplies M measurements of T Jf for j = 1,.. M> of the 
internal product temperature and M corresponding measurements of the 
retort temperature Tr taken at regular time intervals A t. No particular 
condition is imposed for the temperature Tr. 

The temperatures calculated for the expression fry are: 


& r-E a , d ;-i + £ b i Tr H-i+l 


Each fr is a function of (a^, (b-) (for a determined N and d). The 
identification then consists of finding the values for (aj, (b;) that minimizes 
the quadratic error ( E) between the model and reality: 


£= £(° r r /) 2 

£ is a rather complex function of (ajy (b), so the search for the 
minimum is made by an appropriate numeric method (e.g., the Levenberg 
Marquardt method cited by Fletcher, 1986). Programs carrying out this 
operation have been developed at the Laboratoire de Thermique Industriel 
(LTI) of the University of Paris XII at Creteil. They carried out a sequence 
of 300 measurements with a model of second order in a few minutes on an 
IBM XT at 8 MHz. 
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The order of the model N as well as the dead lag, d , are not known a 
priori. They can be determined by the following procedure. At a fixed N , 
the optimal values (a^ and (b-) are determined for the different values of d, 
and the best value for d , which gives the lowest value for E , is kept. N is 
repeatedly increased until E attains a value compatible with the assumed 
precision of the measurements. 

In practice, the first estimation of the dead lag can be obtained by a 
simple observation of the evolution of the measured temperatures. A model 
on the order of 2 or 3 is usually sufficient to give an account of the behavior 
of the canned foods. Thus, the procedure is simplified, and the model can 
be identified in one test within 30 minutes on a microcomputer. However, 
while a model can give a perfect account of one test, it can be totally 
inadequate for another. In this case, the coefficients identified are less 

representative of the triplet—heating fluid, container, contents—than the 
various inevitable measurement errors. 

The physical coherence of the model identified can be tested by applying 
the following theoretical considerations: 

• the internal temperature should approach an equilibrium with the 
temperature T r when it is constant. This gives: 

bj/^l + a) = 1 

• the roots of the polynomial, x^ should be positive and real and 

hence can be written as: 


x t = exp(-A//r / ) 

where the time constants should be real and positive for a thermal system. 

In addition, observations of the model’s response to an initial step can 
permit verification of certain defects (e.g., oscillations, gains different from 
1, dead lag to long). In such cases, the model is probably not sufficiently 
restricted and, therefore, it is expedient to decrease its order of N to obtain 
a model more physically adherent. When an adherent model and an 
acceptable error E cannot be attained at the same time, it can usually be 
attributed to a change in the transfer and exchange of heat occurring during 
the thermal treatment. Thus, for treatments that have two or more phases 
that correspond to distinctly different transfer conditions, better results can 
frequently be obtained by structuring a model for each phase (e.g., a model 
for the heating in steam and an other for the immersion water cooling). 
When applying the model, the coefficients (a-J, (b-) are simply changed 
accordingly as the exterior conditions change. 

In all cases, a sure and relatively cheap method to verify the 
representation of a particular model is to carry out a second test in 
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conditions sufficiently different from those used in the identification test. 
The comparison of the measured temperatures with those predicted by the 
model permits an immediate verification of the validity of the model. 


11.4 Applying the Models 


11.4.1 


Simulation of the Ther 


II 


al Evolution 


11.4.1.1 Numerical Model 


With the deterministic models and also with the recursive model, the 
evolution of the temperature in a container of canned food can be forecast 
as long as the parameters of the particular model are known; that is: 


for the convection model, the ratio Ah^mCp 

for the conduction model, hg k, Q_C p and the container dimensions, 
for the Ball model, j ch f w j cc> f c \ 

for the numerical methods, the same parameters as for the Ball model 
plus the thermal diffusivity (a) and the heat transfer coefficient h 
for the recursive model, the coefficients («•), (b-) described earlier. 


In addition, the evolution of the temperature of the heating medium 
with respect to time, especially the time t g where it passes from heating to 
cooling, should be known. A change of the heating medium will result in an 
alteration in the values for the coefficients h g or («•), (fc f ). 

Manson (1991) used the finite difference method to study the effect of 
various heating patterns during the CUT on j ch values and process lethalities 
calculated by the Ball formula and the general method. First he established 
that the numerical method that used retort temperatures and an value 
derived from heat penetration data yielded product temperature values 
almost identical to those in the heat penetration data. This close prediction 
was not realized in the cooling portion of the process, and the uncorrected 
(or actual) j h value was determined iteratively by changing the value used by 
the model until the temperatures and the F Q values generated by the model 
agreed with those of the heat penetration data. The program was modified 
to generate container cold spot temperatures during a hypothetical process, 
which in turn was used to simulate data that had j h values of 1.51,1.72. 2.00, 
3.00, 5.00, and 10.0 for f h = f c = 30 and j c = 1.41 for four different 
temperature patterns during CUT: 

1. Instantaneous - step change 80°F to 260°F, 

2. Ramp A — 15 minutes linear ramp 80°F to T r (260°F), 

3. Ramp B — 7.5 min linear ramp 80°F to 240°F, then 7.5 minutes linear 
ramp to T r (260°F), 

4. Ramp C — 12 min linear ramp 80°F to 180°F, then 3 min linear ramp to 
T r (260°F). 



HEAT PENETRATION IN CANNED FOODS - 
THEORETICAL CONSIDERATIONS 


411 


The simulated heat penetration data were analyzed by the Ball method 
to determine the resultant f h and j ch values. As anticipated, the f h values 
were the same as these used to generate the data. The j h values for the data 
generated by an instantaneous step to T r were very similar to the input 
values. However, the j h values determined after Ball’s 42% correction were 
quite different for the three ramp profiles with the same CUT. For ramp 
A, the calculated values were only slightly lower than the actual for j ch < 
2.00, but they were significantly lower thereafter. In ramp B (simulated 
exponential) all calculated j ch values were significantly lower, whereas with 
ramp C at j ch values < 2.00, they were significantly higher but lower 
thereafter. Lower j ch values will produce lower process times when 
calculated by the Ball formula method and can result in underprocessing. 
This was reflected when the computed j ch values were used in calculating the 
process lethality compared with those derived by the general method. One 
interesting result of this study is the situation that can arise when the j ch 
values are greater than the theoretical 2.04 for conduction heating products. 
In such cases the product temperature data generated by the finite difference 
method had to be adjusted by increasing the j ch value until the temperatures 
coincided with those in the heat penetration study. Thus, the determination 
of the j ch values using the 42% CUT correction should be suspect, and 
further study required to ensure that actual values are used. 

Scott (1991) also used finite difference modeling to generate product 
temperature data from the heating medium temperatures. To initialize the 
model the following information was required: 

• can dimensions, diameter, and height, 

• thermal diffusivity of contents, 

• thermal conductivity of contents, 

• initial product temperature, 

• number of radial nodes to be used in the computations, 

• time interval at which a temperature is to be supplied. 

Unlike Manson, heating parameters other than the f h were used. Like 
Manson, he found good agreement during the heating phase, but little 
agreement during the cooling phase, with the model giving significantly 
higher temperatures that would in turn be reflected in the accumulated 
process lethality. The maximum percentage error between the model and 
the heat penetration data was + 3.4% after the initial 10 minutes heating 
(i.e., the model underestimated the temperatures by that amount), while the 
error fell to 0.2% following this initial period. For the cooling phase, the 
magnitude of the error steadily increased and overestimated the product 
temperatures, which in effect predicts a slower cooling than that observed 
experimentally. By introducing a surface heat transfer coefficient during the 
cooling phase, the model predicts a slower rate of cooling than when infinite 
heat transfer is assumed. In practice, there is an increased resistance to heat 
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Figure 11.8. Comparison of temperatures modeled from retort temperature with 
heat transfer coefficients included (yes) and without (no) to heat penetration derived 
product temperatures (Scott, 1991). 

transfer during cooling. A film of water forms on the external can surface 
and reduces the heat transfer from the can. There is also a resistance due 
to the film formed on the inside of the container between the wall and the 
contents and in addition to that of the container material. The combination 



Figure 11.9. Comparison of model temperatures with (yes) and without (no) 
addition of heat transfer coefficients with heat penetration product temperatures 
(Scott, 1991). 
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of the three reduces the cooling rate. To compensate for the increased 
resistance, the overall heat transfer coefficient is incorporated. However, 
even with the heat transfer coefficient compensation, the model still predicts 
that the container will cool more slowly than that observed experimentally. 
Scott’s explanation is that the model predicts the idealized situation and 
does not account for what actually happens inside the container. Since most 
processes are determined on the heating effect with the cooling providing an 
additional cushion, the discrepancies noted with the cooling phase are not 
critical. The agreement Scott was able to obtain for the heating phase is 
shown in Figure 11.8, and the discrepancy during the cooling phase in Figure 

11.9. 

While the modeling by finite differences has certainly paved the way for 
automatic computerized control of the thermal process, it is not perfect. 
Further work is required, especially during CUT and cooling phases. The 
use of surface heat transfer coefficients, necessary for heating media other 
than condensing steam, must be given more attention and perhaps derived 
experimentally for the product/container/heating or cooling medium 
combination. Products are not like pure substances; hence, thermal 
diffusivity and conductivity can vary even within a single lot or batch. 
Determination of these values and their variation may be more onerous than 
using the f h value, which will also reflect changes in these values. As there 
is variation, which values are to be used in structuring the model becomes 
critical, especially if control procedures are to be based on the model. 

11.4.1.2 Recursive Model 

To derive the model for any particular product/container/processing system 
combination, heat penetration studies (Chap. 12) should be carried out to 
obtain the temperatures of the product at its geometric center ( T) and of the 
heating medium ( T r ) at equal and regular time intervals. The equation for 
the recursive model states that at any time period, t = kAt, temperature T 
is a linear combination: 

• of the temperatures T(t) measured over A time increments immediately 
preceding, 

• of the temperatures Te measured over N time increments preceding the 
time T = (k - d + 1)A/. 

The true lag ( d ) represents the time for a change in the heating medium 
temperature ( T r ) to be reflected by a change in the temperature at the 
product center. N is the model order. A second order model is generally 
sufficient to describe the temperature changes in canned foods. 

Thus, the expression becomes: 

T (kAt) = - ajT[(k’l)At] - a 2 T[(k-2)At] + bjT^k-d)^] + b 2 T\(k-d-l)At) 

The identification of the model consists of searching for a fixed value for d 
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Table 11.2 Summary of the Iterative Calculations Using Heat Penetration 


Data , A/ = 30 s, to Determine the Lag ( d ) and the Coefficients, 
$ 1 , and 


d 

E(C°) 

a \ 

a 2 

*1 

b 2 

0 

0.484 

-1.9223 

0.9237 

-9.5499 

10.9332 

2 

0.408 

-1.9177 

0.9192 

-7.2471 

8.7581 

4 

0.284 

-1.9106 

0.9123 

-7.606 

9.2734 

6 

0.205 

-1.9044 

0.9062 

-6.0898 

7.8937 

8 

0.152 

-1.8988 

0.9008 

-3.9056 

5.8338 

10 

0.120 

-1.8946 

0.8966 

-0.9189 

2.942 

12 

0.098 

-1.8905 

0.8926 

1.5885 

0.5293 

14 

0.101 

-1.8902 

0.8923 

5.0792 

-2.9565 

16 

0.105 

-1.8914 

0.8935 

8.0501 

-5.9557 


and the four coefficients a If a% bj , and which will minimize the average 
quadratic error between the temperatures actually measured and those that 
have been calculated by the preceding formula. This search is carried out 
for various values of d that will produce the least error. An example is given 
in Table 11.2. The product and retort temperatures used to derive d and the 
coefficients were measured at 30-second intervals. The derived values for 
the coefficients and d were inserted into the equation and the product 
temperatures simulated from the retort temperatures. Figure 11.10 shows 
the closeness of fit between the experimental values and those derived. As 
can be seen in Figure 11.10, there was a CUT prior to attainment of the 


(°c) 



Figure 11.10. Reference process used to identify the model in Table 11.2 (Ganne et 
al., 1991). 
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desired process temperature and a lag before the product temperature 
responded to the cooling, which were followed by the derived values. 

The error value E that results from the values for the coefficients 
derived for values of d varying between 0 and 16 is minimal for d = 12, 
which corresponds to a lag of 6 minutes (Table 11.2). This result is 
consistent with the determination illustrated in Figure 11.10. From this, it 

is evident that it is only 5-10 minutes after the start of the cycle that the 
internal center product temperature begins to change. The coefficients ay 
a 2 , by, and b 2 sought are those in column for d = 12. 

Knowing the values for h& and k or the coefficients aj and bj of the 
recursive model for the container permits the prediction of product 
temperatures under the influence of heating medium temperature deviations. 
However, it must be clearly understood that the model parameters (ay, a 2 , 
by,b 2 , and d) are a function of the time intervals used for their identification 
and that it is advisable to respect the time intervals when using the model 
in simulation. In addition, as the parameters are directly related to the 
overall exchange coefficients, the process conditions (i.e., heating and 
cooling) used in the model identification should be those employed in the 
simulation. Therefore, a water cook should not be simulated from a model 
derived from a steam cook. 

An example of the ability of this model to predict accurately product 
temperatures in a stepped heating phase is given in Figure 11.11. It is given 
for a temperature deviation in Figure 11.12. These cycles were carried out 
on the same installation as that used for the preceding example. The center 
product temperature was measured for comparison with that predicted by 


(°c) 



Figure 11.11. Two-step heating phase, comparison of actual to derived values 
(Ganne et al., 1991). 




416 


FOOD CANNING TECHNOLOGY 



Time (min.) 

Figure 11.12. Temperature deviation induced in the heating phase, comparison of 
actual to calculated product temperatures (Ganne et al., 1991). 

the model. The latter were calculated from the retort temperatures. The 
results, illustrated in Figures 11.11 and 11.12, show the excellent 
performance of the model. However, it can be noted that there is slightly 
less accord in the case of a process temperature deviation. In this situation, 
the steam temperature had undergone a significant decrease and 
condensation on the surface of the containers, which customarily assures a 
high exchange coefficient, is absent. This was not taken into account by the 
model used, which therefore calculated the most evident heat exchanges. 

Both the actual and the calculated temperatures were used to calculate 
the cumulative lethality by the general method. The average quadratic error 
£(C°) between the actual and calculated temperatures was also calculated. 
The error or deviation with respect to the sterilization value is at the most 
0.3 minutes for total values of 2-12 minutes. 

11.4.2 The Advantage of Simulation 

The prime advantage of a mathematical simulation of a thermal process is 
that less time-consuming calculations can replace more onerous and time- 
consuming experimental work and measurements of internal container 
temperatures. In the case of an established thermal process, a model can be 
used to predict the effect of changes to the process parameters (i.e., a 
different process) and whether it will or will not be acceptable. For thermal 
treatment in a continuous retort, the model can be used to predict 
temperature changes within the container. The conduction model can be 
used to predict the temperature gradient and its evolution in the product 
over time. 

By selecting the appropriate model and its coefficients, process 
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simulation can be included in automated control/operating systems. Thus, 
intelligent systems capable of managing the duration of a stage or proposing 
appropriate corrections for a retort malfunction to ensure that the desired 
sterilization value will be attained can be developed. Beyer et al. (1986) and 
Datta et al. (1987) have given two examples of the use of simulation models 
in real-time operations. 

In essence, deterministic models do not require prior experimentation, 
but only for as long as realistic values for the physical characteristics involved 
in the models are incorporated. These can be determined in the laboratory 
on the materials used apart from the "canning context.” However, there is 
a pitfall in that the heat transfer phenomenon that will occur in the canned 
food must be either pure convection or conduction. If this is not the case, 
then it must be always considered as a question of "apparent conduction" 
and appropriate experimentation on the product and the processing 
conditions to be used should be carried out. 

A simple two-stage thermal treatment, with each stage starting by a 
ramp, is the preferred experimental mode. This is an imperative condition 
for the Ball model and should only be used in such cases. For the other 
models, the interpretation of the results is possible, but it is very much easier 
and more rapid if the heating medium temperature is maintained constant 
(i.e., slight insignificant oscillations permitted). For these tests, the sensing 
device must be placed as close as possible to the geometric center of the 
container. The temperature profile is generally fairly flat at the center, and 
a slight deviation from that position would have little effect. Finally, it is 
important to measure the temperature carefully, specifically at the start of 
heating and cooling. However, this is not critical for the recursive model 


when the action of the coefficients does not have to be changed at the 
moment of the commencement of cooling. 

The interpretation of the model parameters in terms of the exchange 
coefficient and heat transfer is always possible when the j ch and f h are 
employed. The recursive model seems to be at a disadvantage from this 
point of view, but it is not important. In effect, it is always possible to 
simulate a perfect step with the aid of a model and to derive values for j , 
and f h . 

When the determination of the adjustment of the conditions for the 


recursive model is less severe than for the other models, it should be used 
preferentially to evaluate j ch and f h . Other models can also be used to: 


• interpret j ch and f h in terms of the heat transfer; 

• adjust the thermal process time; 

• simulate all kinds of new situations (i.e., changing container types, the 
heating medium, etc.). 


The various models, therefore, have complementary uses. 
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The calculation of the temperature evolution at any point in the 
container is only possible with the pure conduction model. In the case of 
apparent conduction, there is no certainty as to the reality of these 
calculations; hence, they can only be termed indicative and therefore only 
permit the calculation of the average temperature at a particular point. On 
the other hand, from a temperature measured at a point other than the 
geometric center, the value of j ch can be deduced. 
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Appendix: Solution of the heat equation 
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These solutions have the form: 


with 


X = 


x max 


and Fo = 


P C p -*max 


For an infinite slab: fx i root of cot = /x z /Bi 

2sin (u.) 

A 0= — r ~r \— 

sm (/x.) cos (/a.) 

For an infinite cylinder: /a- root of= /x z /Bi 
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A () = -- JoM 


In these expressions: 




Bi _ h g x «» 


J o 0 and J j() zero- and first-order Bessel functions. 
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DETERMINATION OF 
HEAT PENETRATION 

PARAMETERS 


12.1 INTRODUCTION 

Heat penetration studies are used to determine the behavior of foods during 
heating and cooling. For this, the temperatures at a critical point within the 
food and that of the heating or cooling medium are measured at specific and 
equal time intervals during the heating and cooling phases. The behavior is 
quantified in terms of specific parameters that are derived from the data 
obtained from the heat penetration studies. For these to be truly 
representative and dependable, the data must accurately reflect the 
conditions under which the product was, and will be in the future, heated 
and or cooled. The studies are usually carried out under production 
conditions within the cannery, using the retorts and the other processing 
equipment used in normal production. The temperature of the 
heating/cooling medium about the product, particularly the uniformity, is 
critical. Depending upon the loading method used in batch retorts the 
product generally occupies a large proportion of the internal space and 
temperature uniformity can be a problem. Before heat penetration tests can 
be conducted in such retorts, the uniformity of the temperature within the 
product zone must be determined by temperature distribution tests. 

The heat penetration studies are conducted under carefully controlled 
conditions to represent the worst case, or those that would lead to the 
slowest heating. The temperatures of the product as well as the heating and 
cooling media are measured and recorded at intervals as short as possible 
during the thermal process. The resulting data are used to calculate the 
process sterilization value (F Q ) as well as the heat penetration parameters 
(i.e.,/^ j ctv f c ,j cc y Tpfay etc.) that will be used in the various formula methods 
described in Chapter 11. 

12.2 Temperature Distribution Studies 

Temperature distribution studies are time consuming and difficult to carry 
out properly. They require a thorough knowledge and understanding of the 
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thermal processing equipment, temperature measuring devices used, and the 
manner in which the heating or cooling media flows around the containers. 
In many cases, experience is the best teacher. The interpretation of the data 
to assess uniformity or lack thereof is a prime factor. Unfortunately, to date 
neither the methodology nor the data evaluation have been given adequate 
attention in the literature on the subject. 

These studies are usually confined to batch steam, water, or steam/air 
retorts that contain packaged product in crates or baskets. Crateless retorts 
require special attention and methods. The studies are undertaken to: 

• develop and/or validate a venting schedule, 

• locate cold or slow heating zones, 

• assess the effect of any changes to the equipment or product loading on 
the temperature distribution. 

Cold zone(s) are generally temporary, and they appear during the come- 
up phase of the retort operation. The temperature should be uniform 
throughout the product zone and, within an acceptable tolerance, equal to 
the designated process temperature at the end of the come-up time (CUT). 
The (CUT) is the time, starting at the introduction of the heating medium 
into the retort, for the retort temperature to attain the specified process 
temperature. 

To overcome the inadequate treatment of temperature distribution 
studies in the literature, the Institute for Thermal Processing Specialists 
(IFTPS, 1995) has formulated specific guidelines, which, with the permission 
of the Institute, are reproduced here. 

1. PREPARATION; GENERAL PROCESSING EQUIPMENT SURVEY 

It is important to develop or establish proper documentation during the 
survey of the processing equipment that will enable a proper evaluation to 
be made prior to the process of selecting the test retort(s). Prior to 
selection of the test retort(s), a survey should be made of the following: 

1.1 Steam Supply to the Retorts: 

1.1.1 Boiler(s) capacity and pressure. 

1.1.2 Retort header pressure. It is important to ensure that adequate steam 
pressure and volume is being delivered to the test retort(s). 

1.1.3 Pipe size and length, valve size and types, from the main steam line 
to the retort room. 

1.1.4 Size of all connecting steam pipes to the main line noting equipment 
using steam (e.g., blanchers, exhaust boxes, etc.). 
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1.2 Retort Room: 

1.2.1 Types and size of each retort. 

1.2.2 Steam lines from the main line to each retort, including size of pipes, 
fittings and valve sizes and types. 

1.2.3 Vent plumbing configurations including valve types and sizes, pipe 
sizes, and connections. 

1.3 Loading Equipment: 

1.3.1 Container size, orientation, and loading configuration. 

1.3.2 Maximum number of containers per layer; maximum number of crates 
in each retort. 

1.3.3 Hole size and spacing of the base plate and separator sheets used in 
the crates or baskets. 

1.3.4 Determine the percentage of open area of the separator sheets, if 
used. 

2. SELECTION OF THE TEST RETORT(S) 

All piping systems, valve sizes and types, and loading equipment should be 
taken into consideration when selecting the test retort(s). The retort(s) 
selected for the test as a result of the general processing equipment survey 
should represent the worst possible condition that could influence the 
delivery of the scheduled process. Factors such as use of the retort at the 
end of the steam supply line; smallest container; dividers between container 
layers (vs. jumble pack) generally represent a worst case situation. 

3. TEST RETORT(S) DOCUMENTATION 

List, provide a diagram, and describe the operation and condition of the 
following: 

3.1 Retort Shell: Physical dimensions and number of crates used in each 
run. Note for vertical retorts the presence of centering guides and or baffle 
plates. 

3.2 Steam Supply from Main Line to Retort: Pipe size, valve size and type, 
pressure regulators or reducers and all pipe fittings including steam by-pass 
pipes. 

3.3 Steam Control: Temperature or pressure actuated; controlling thermal 
element; type and location. 
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3.4 Air Systems for Controls (if applicable): Size of air compressors, air 
dryer capacity, filter location(s), and types. 

3.5 Piping: 

3.5.1 Steam spreader — shape, size, location, and configuration; number, 
size, and location of holes in pipe; size of "T," or any other pipe fittings. 

3.5.2 Vents — location and size of pipes, also type and size of valve(s). 

3.5.3 Vent manifold or manifold headers — location and size of all pipes 
and connecting pipes. 

3.5.4 Bleeders, mufflers — location, number, size, and construction. 

3.5.5 Drains — location and size. 

3.5.6 Water supply — location and size of pipes, valve size and type (if 
applicable). 

3.5.7 Air supply — location and size of pipes, valve size and type (if 
applicable). 

3.5.8 MIG thermometer — location on the retort. 

3.5.9 Pressure gauge — location on the retort. 

3.5.10 Additional piping or equipment such as condensate removal cisterns, 
etc. 

3.6 Recording Device: Recorder or recorder/controller type and description. 
4. TEST EOUIPMENT 

4.1 Data Logger: Equipped with sufficient channels to monitor adequately 
and record temperatures within the process delivery system. 

4.2 Thermocouples: or other temperature sensors of sufficient size, length, 
number, and quality to adequately monitor the heating medium 
temperatures within the retort. 

4.3 Pressure Indicating Device(s): If needed. 

4.4 Mercury-in-Glass Thermometers: if the test retort mercury-in-glass 
(MIG) thermometer is not to be used. 

4.5 Stuffing Box (Packing Gland): For entry of lead wires into the retort. 
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5. STANDARDIZATION OF TEST EQUIPMENT 

5.1 Retort Thermometer: The retort MIG thermometer should conform to 
the applicable Federal Regulations and should have been checked for 
accuracy against a known accurate thermometer within the past year. 

5.2 Temperature Measurement System: Including data logger, 
thermocouples, extension wires, or other temperature measuring devices 
(TMD), and so on. 

5.2.1 Prior to conducting the actual temperature distribution study, 
standardization, or calibration of test equipment should be performed in 
the test retort (as defined in Section 2) selected at the factory, with all 
leads, extensions, and connections assembled as they will be used under 
actual test conditions. 

5.2.2 Bundle all TMDs and locate them in close proximity to the known 
accurate MIG thermometer probe, taking care not to inhibit steam flow 
past the MIG probe or TMDs. 

5.2.3 Bring the retort up to the temperature to be used during the 
distribution tests and allow the entire system to equilibrate. 

5.2.4 Checked the accuracy of the TMDs against the known accurate retort 
MIG. Any single TMD should agree within 0.5°F (0.3°C) of the MIG. The 
range for all TMDs should be not more than 1°F (0.6°C). Any TMD that 
deviates from the preceding criteria should not be used until corrective 
action is performed that results in the TMD meeting the established 
criteria. The TMD in closest agreement with the known accurate MIG 
thermometer should be attached to its probe and becomes the reference 
TMD for data evaluations. 

5.2.5 In order to meet the preceding calibration criteria, and to ensure 
delivery of the scheduled process, consideration should be given to 
minimizing errors inherent in any component of the temperature measuring 
system. For example, the use of premium grade thermocouple wire, from 
the same spool, to make all thermocouple leads and extensions. 

6. PLACEMENT OF THE TEMPERATURE MEASURING DEVICES IN 
THE RETORT 

6.1 Location of TMDs in Retort: TMDs should be placed in the following 
locations in the retort vessel: 

6.1.1 Attached or in close proximity to the MIG thermometer probe. 
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6.1.2 Attached or in close proximity to the temperature controller probe, 
unless the MIG and temperature controller probes are located together. 

6.1.3 Located in at least two containers filled with the testing medium for 
the purpose of obtaining initial temperatures. If there are data on hand to 
correlate temperatures measured by external TMDs (attached to the 
container) to a specific initial temperature — prior to making a run — then 
such a procedure may be used in lieu of measuring actual initial 
temperature. 

6.1.4 A minimum of three, each located in separate areas of each basket or 
crate. 

6.1.5 Depending on the processing system, it may be necessary to place 
additional thermocouples at other locations in the vessel to adequately 
monitor the coldspot in the retort or initial temperature of the testing 
medium. 

6.2 Record of TMD Locations: A schematic drawing to show the placement 
of all TMDs within the retort should become part of the critical records for 
the temperature distribution tests. 

7. PREPARING THE TEST CRATES OR BASKETS WITH CONTAINERS 

7.1 Container Size: Select the container size processed in the retorts, 
usually the smallest, that will yield the worst case situation for the 
operation. 

7.2 Container Contents: Containers are usually filled with water; however, 
the fastest heating product processed in the retorts may be used. 

7.3 Container Placement: Containers are placed in the crates or baskets in 
a manner that is equivalent to the worst case situation under the 
commercial operation. If separator or divider sheets are used between the 
layers of containers, then the sheets having the smallest percent total open 
area should be used for testing. 

8. THE TEMPERATURE DISTRIBUTION TEST 

8.1 Set Up: 

8.1.1 Verify the retort survey. 

8.1.2 Initial temperature — the initial temperature for a test run is the 
warmest of the temperatures measured by an instrumented container. The 
range of initial temperatures to be encountered during normal commercial 
operation should be taken into account in establishing the vent schedule. 
If instrumented containers are not used, then there must be some other 
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means of accurately determining the temperature of the container contents. 
The initial temperature(s) measured should be considered in the context of 
retort shell and crate temperatures, which may be lower or higher than the 
product temperature, and could have an effect on the total heat load 
required to adequately vent the retort. 

8.2 Data Collection Points: 

8.2.1 The following are critical and should be monitored and recorded 
during the test: 

8.2.1.1 Controller temperature set point. 

8.2.1.2 Initial temperature. 

8.2.1.3 Steam on or "0" time. 

8.2.1.4 Time and temperature when the drain is closed, if it is open during 
a portion of the vent. 

8.2.1.5 Time and temperature of the retort when the vent closes, taken 
from the MIG thermometer and reference TMD. 

8.2.1.6 Time when the reference TMD (attached to or in close proximity to 
the MIG thermometer) reaches the processing temperature set point. 

8.2.1.7 Time when the controller (if applicable) advances to the "cook" cycle 
in the program. 

8.2.1.8 MIG thermometer readings — at sufficient intervals, including the 
time it reaches the processing temperature set point. 

8.2.2 In addition, the following points are important and are highly 
recommended to be monitored and recorded during the test: 

8.2.2.1 Retort steam header pressure and temperature, if superheated steam 
is a concern, and/or steam pressure at the end of the spreader. 

8.2.2.2 Time when the temperature recording device reaches the processing 
temperature set point. 

8.2.2.3 Retort pressure gauge (optional) — readings at sufficient intervals 
including the time it reaches processing temperatures. 

8.3 Conducting the Test: 

8.3.1 The data logger should record the temperature of each TMD just 
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prior to "steam on" and at sufficient intervals, not to exceed 1 minute, 
throughout the test. The data logger record should become part of the 
critical records for the test. 

8.3.2 Critical points should be recorded at intervals of sufficient frequency 
to describe and verify retort operating parameters during the test. These 
records become part of the test records and should include the temperature 
recording chart(s). 

8.3.3 The test should extend for at least 10 minutes after the retort control 
system has stabilized and a definite temperature profile has been 
established or all temperature monitoring devices have reached a steady 
state condition. 

8.3.4 Ideally, no TMD should read more than plus or minus 1.0°F (0.6°C) 
from the reference TMD at the time it first indicates the processing 
temperature set point has been reached. Situations or conditions that do 
not meet these criteria should be evaluated by a thermal processing 
specialist. 

[1. These guidelines have been reproduced by the permission of the Institute for 
Thermal Processing Specialists. Additonal copies and information can be obtained 
by addressing this Institute at P.O. Box 2764, Fairfax, VA 22031-0764.] 

The selection of the test retort from a series of production retorts 
assumes that they are all of the same type (horizontal or vertical), and that 
they have the same system for the introduction and distribution of the 
heating and cooling media and the same medium. Any change or difference 
in the means for distributing the medium, spreaders, pumps, fans, and so on, 
should also be subject to separate tests as the temperature distribution may 
well be different. 

The MIG thermometer, for many years a standard reference TMD in 
retorts, is being replaced more and more by resistance temperature detectors 
(RTD) or thermistors. In addition to their accuracy and reliability, these 
devices have the added advantage that they produce a digital readout of the 
temperature that can be mounted in a location more easily read by the 
retort operator than the MIG. They have a quicker response time than the 
conventional MIG, as well as the added advantage of reading to the tenth 
of a degree, whereas the tenth of a degree must be estimated on most MIGs 
used in retorts. Recorders can be incoporated to record continuously 
temperatures or at prescribed time intervals, thus saving the retort operator 
the effort of reading and record retort temperatures. Details on 
construction, principles, advantages, and disadvantages of RTD-based 
temperature measurement can be found in ASTM (1988). 

The reference TMD should be standardized and calibrated against a 
standard reference thermometer to ensure that it accurately measures the 
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temperature. This should be done under the same conditions as 
encountered in the retort. This is critical as the reference TMD will be used 
to calibrate the TMDs used in the temperature distribution study. 
Variations between TMDs on the order described earlier in the IFTPS 
guidelines are normally encountered. Many workers use the deviation from 
the reference TMD as a correction factor and apply the correction to all 
subsequent readings. 

Despite the efforts in calibration and compensation for deviations, 
errors and failures do result during tests. Be prepared for these because 
they will happen. All equipment should be adequately grounded and the 
recorder placed in as dry and steam-free a location as possible under the 
cook-room conditions. Only thermocouple-grade wire should be used and 
should have insulation material capable of withstanding the temperatures 
and moisture encountered in the retorts. 

Precautionary measures should be taken to avoid certain sources of 
error for temperature recording associated with the use of extension wires 
and connectors. The sources, listed by PQug (1975), include: 

• disparity in thermal emf between thermocouples and extension wires, 

• temperature differences between two wire junctions, 

• reversed polarity at the thermocouple extension wire junction, 

• an appreciable difference in thermal emf characteristics of the connector 
material as compared with the thermocouple extension wires (Pflug, 1975). 

If connector plugs are used, they should be cleaned frequently (fine 
emery cloth has been found to be very suitable for this purpose) to assure 
good electrical contact and prevent errors in thermocouple readings (NFPA, 
1985). 

To ensure that the recorded temperatures represent real time data, all 
thermocouples should to be calibrated against a standard TMD, usually a 
MIG thermometer. The following can cause thermocouple inaccuracies: 

• improper junctions, 

• too long lead wires, 

• multiple connectors, 

• inadequate data logger cold junction compensation. 

To detect any inaccuracies and permit corrective action, the TMDs and 
all connections should be calibrated in place (i.e., under the conditions in 
which they will be used). The following are some suggested precautions 
while using a thermocouple-based data acquisition system: 

• minimize multiple connections, 

• clean all connections, 

• ground the thermocouples/recording device, 
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• slit thermocouple outer insulation outside the retort to prevent flooding 
of datalogger or data recording device (NFPA, 1985; ASTM, 1988), 

• ensure thermocouple location is not disturbed by the movement of the 
heating or cooling medium, 

• use well-insulated thermocouple lead wires, 

• use enameled wires that contain waterproof insulation, 

• make the process sufficiently long to allow for equilibrium conditions 
(which can be used to calibrate thermocouples in place). 

When water is used as a heating medium, it acts as an electrical 
conductor. Depending upon the hardness, the use of water treatment 
chemicals, and other factors, the conductivity of the water will vary. The 
conductivity of the water increases with temperature. There can be 
problems with loss of signal, which results in lower temperature readings; 
especially in superheated water. Stray voltage from motors or other 
electrical equipment can give erratic or inaccurate readings. 

The TMDs are connected, via the extension wiring, to devices that 
transform the signals to digital readings of the temperature at each specified 
time interval. A data acquisition system (otherwise known as a data logger 
or data logging system) typically comprises a multichannel temperature 
measuring and digital data output system (Pflug, 1975). Some features of 
data logging systems include availability of multiple channels (i.e., many 
systems have addon features in multiples of 16 channels), a temperature 
range of 40-160°C, and facility to gather other types of signals in addition 
to temperature (e.g., millivolts, pressure, current, differential outputs, etc.). 
These systems have the capability of gathering considerable amounts of data 
as well as manipulating the data. 

Three TMDs for each basket or crate is a bare minimum and may have 
to be increased, especially if any statistical significance is to be dervived from 
the results. The minimum number of probes from a statistical point of view 
is generally five. Having more than the minimum three also provides for a 
TMD malfunction during the test, something that happens more often than 
not. Thus, the whole test may not have to be abandoned due to lack of 
compliance with the experimental design; rather it could serve a purpose as 
long as the minimum number are valid. 

Knowledge of the retort system, the means to distribute the heating or 
cooling medium, and the organization of the containers in the crates will aid 
in the placement of each TMD. They should be fixed at the location so that 
they extend into the free space betwen the containers and will not touch the 
containers or other metallic surfaces during the test. 

A summary of the data (i.e., maximum, minimum temeratures, and 
ranges) obtained from an actual temperature distribution test is given in 
Table 12.1. The test was done on a three-basket, horizontal steam retort. 
The steam spreader consisted of two parallel perforated pipes located along 


DETERMINATION OF HEAT 
PENETRATION PARAMETERS 


435 


Table 12.1 Summary of the Temperature Distribution Data for a 


Three-Basket, Horizontal Steam Retort 


TP i in p 

Temperature (°F) 

— Rnnop 

i line — 

(minutes) 

Maximum 

Minimum 


0 

77.6 

45.7 

31.9 

1 

81.7 

52.1 

29.6 

2 

182.0 

52.4 

129.6 

3 

213.3 

52.9 

160.4 

4 

213.5 

53.1 

160.4 

5 

214.7 

87.2 

127.5 

6 

223.1 

160.4 

62.7 

7 

231.6 

230.3 

1.3 

8 

243.9 

243.1 

0.8 

9 

244.7 

243.9 

0.8 

10 

245.3 

244.5 

0.8 

11 

245.6 

244.8 

0.8 

12 

245.7 

244.8 

0.9 

13 

245.7 

244.8 

0.9 

14 

245.8 

244.9 

0.9 

15 

246.0 

245.1 

0.9 

16 

246.2 

245.4 

0.8 

17 

246.2 

245.3 

0.9 

18 

246.2 

245.4 

0.8 


the bottom of the retort below the level of the baskets. The vent exited 
directly to the environment. A standard MIG thermometer was installed in 
compliance with standard requirements and consituted the reference TMD. 
A temperature recorder/controller probe was installed in close proximity to 
the MIG stem. The crates were filled to capacity (960 cans/crate for a total 
of 2880 cans) with 210 x 315 three-piece metal cans filled with water to a 5% 
headspace. Each crate contained five thermocouple probes located on the 
hoizontal midplane, one in the center and one located at half the distance 
on each diagonal from the center to each comer of the rectangular crate. 
Experience with this retort had shown that these were the points that were 
slowest to reach retort temperature, with the middle crate being the slowest. 
The retort temperature was set for 245°F (118°C). The temperatures were 
recorded every 20 seconds for the duration of the test; however, the figures 
in Table 12.1 represent those after every 60 seconds to reduce the table 
space. The data for the two phases, CUT, and at process temperature were 
analyzed separately. To determine if there were any probes that consistently 
gave lower values than the others during each phase, the average 
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temperature for each was calculated and compared. Next the ranges (i.e., 
maximum minus minimum) of temperatures of all TDTs at each time 
interval were calculated as a measure of the time when temperature 
uniformity was attained. 

In addition to the location of the slowest heating or cold areas in the 
product zone, the canner is often interested in locating those areas in which 
the heating is most rapid and in which product would receive the most heat 
during the process. This aspect will be dealt with in more detail later during 
the discussion of the heat penetration studies. 

12.3 Heat Penetration Studies 

Heat penetrations studies involve placing specially prepared test containers 
that contain a TMD located at the slowest heating point within the container 
and contents at the slowest heating area in the product zone in the retort. 
The temperature within the container is measured and recorded at specific 
and equal time intervals along with the heating or cooling media 
temperatures. Thermocouples are commonly used as the TMD as they are 
relatively inexpensive, accurate, and very sensitive (i.e., very quick response 
time). However, they require leads from the container out through the 
retort to the recorder. Devices are now available (e.g., the Ball Datatrace) 
that combine temperature sensing and recording in a self-contained unit that 
can be placed inside the container. Upon completion of the test, the units 
are linked to a computer, and the time/temperature sequences are read. 
These devices are particularly advantageous in the case of rotary retorts and 
have shown an accuracy equal to that of the thermocouple under most 
conditions (CFPRA, 1989). One disadvantage, however, is their size. While 
relatively small, they are considerably larger than the thermocouples 
commonly used. In addition to the space they occupy in the container, 
maintaining their position within the container and their size can 
significantly affect the heat penetration. In small containers, the size will 
significantly reduce the quantity of food product that can be placed in the 
test containers, and, hence, the heat penetration. Some workers have by¬ 
passed the temperature measurement method and have placed high numbers 
of the target microorganism, usually spores, in capillary tubes in the slowest 
heating point in the container and extrapolated the survival/destruction data. 

The guidelines for the calibration and use of thermocouples in the 
temperature distribution studies are applicable to heat penetration studies. 
However, there are critical factors that must be known and controlled if 
reliable data are to be obtained. 

12.3.1 Factors That Affect Heating Characteristics 

The manner by which heat penetrates into a product, or departs when 
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cooled, has been reviewed in Chapter 11. In addition to the temperature 
differential between the heating or cooling medium and the product, the 
factors that directly affect the heat penetration are the the nature of the 
product, type of container, and heating or cooling medium. As the heat 
penetration test should employ test units representing the worst case 
situation (i.e., slowest heating), considerable information on the product as 
it will be in the container should be available so that all variables can be 
considered. Quantitative data on variability and mean values should be 
determined and recorded where appropriate. 

As changes in the product composition can affect the heat penetration, 
the product formulation should be kept consistent for a given set of 
processing conditions. Any alternate ingredients or components should be 
considered when formulating the worst case situation for the test containers. 

The sizes, shapes, and weights of solid components should be measured 
and their variation expected to occur during normal operations determined. 
These can exhibit considerable variation depending on the type of solid 
component and the manner in which it has been prepared. As some 
products may shrink in size during the thermal process (e.g., meats; Chap. 
7) and others may swell (e.g., beans; Chap. 5), the degree to which this will 
occur should be known and taken into account. 

The consistency or viscosity of any sauce or liquid component should 
also be kept constant, and any variations normally encountered in day-to-day 
operations should be determined so that they can be used in constructing the 
worst case. The type of thickening agent used (e.g., starch, gum, etc.), its 
concentration, and reaction to heat, are important factors in product 
consistency (CFPRA, 1977). Concentrations and types should be kept 
constant. Changes in product consistency or viscosity during thermal 
processing will certainly affect the heating characteristics. Some products, 
such as vegetable soups, noodle soups, cream soups, chowders, and so on, 
which contain starch, exhibit an uptake of the surrounding liquid during the 
heating process or may undergo a phase change such as starch gelatinization 
(Pflug, 1975). This phenomenon represents a complex heating product that 
can undergo a complete shift from convection heating to conduction heating. 
Extreme caution should be taken in case of slight variations in product 
formulation or ingredients that would cause the shift to conduction heating 
to occur at a different time or temperature; also it would change the overall 
heat penetration data. Consequently, special care should be taken to 
identify and control specific variables related to heating rates of these types 
of products. 

Changes in blanching conditions (Chap. 5) may cause swelling/matting 
or shrinkage of food products. Blanching and other preparatory methods 
should be the same as those used in commercial practice; in fact, the 
product used for the test units should be derived from the normal 
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production preparations. Any condition that increases the chances of 
formation of clumping should be avoided, especially for rotary processes. 
Foods such as raw meat, especially beef, and dry pasta products may have 
a tendency to clump (CFDRA, 1977). 

The container forms a barrier or partition between the product and the 
heating or cooling medium, and is critical to heat penetration as it influences 
the heating rates (Chap. 11). The type, size, and dimensions must be the 
same as that which will be used in production. The nesting feature of a 
container can influence the heating behavior. For example, heating rates of 
containers nested one above the other will be significantly lower than for 
individual containers. For this reason the nesting of containers during 
thermal processing is not advised. However, even if only a small number of 
containers is nested during processing, then this must be taken into 
consideration when placing the test containers in the retort for the heat 
penetration test. 

As the type of retort system used can have a significant influence on the 
heating rates of the product processed, the results from a heat penetration 
test should be reported with reference to the retort type and conditions 
existing at the time of testing. Before a heat penetration test is conducted, 
a temperature distribution study should be completed to ensure that the 
retort is performing according to specifications and any cold or slow heating 
zones should be located. In still retort operations, the type of heating 
medium used (i.e., water, steam, steam/air mixture), the orientation of retort 
(i.e., vertical, horizontal), method of mixing (i.e., for steam/air) and the 
circulation of heating medium (i.e., natural or forced circulation), the mode 
of medium exposure (i.e., full immersion or spray) when employing water as 
heating medium, and other factors may influence the heating behavior (Tung 
et al., 1990). In rotary systems, the containers may be subjected to axial or 
end-over-end rotation or oscillation. In continuous systems, the cans may be 
agitated through rotation along its own axis and in some instances around 
a helical coil as well. Data gathering and analysis of results in rotary systems 
are more complex. 

The initial product temperature at the time the thermal process starts 
is a critical factor in determining the process lethality. It is primarily 
dependent upon the temperature of the products at the time they are packed 
into the container. Normal variations in the fill temperature and hence the 
initial temperature should be known and taken into consideration when 
deriving the worst case scenario for the test containers. 

The fill weight or volume of the product in the container affects the 
uptake of heat. The quantity and its variation under normal filling/packing 
operations should be determined for consideration in constructing the worst 
case for the test units. This also applies to the proportion of particulate 
matter to liquid. The differences in the heating characteristics of the 
particulate matter is of particular interest because some may heat slower 
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than others under the same conditions. In such cases, the proportion of the 
slowest heating component can be critical. In determining the test units to 
be used for heat penetration studies, these fill factors should be equated to, 
at least, the mean plus two standard deviations (CFPRA, 1977). 

The head space is determined by the quantity of product packed into 
the container. The size of the head space is critical in the attainment of 
internal container vacuum and in rotary and agitated cooks. The head space 
and its variation should be determined and used in construction of the test 
units. In addition, care should be taken in order to avoid incorporation of 
air, which would affect the head space vacuum and the determination of the 
heat penetration characteristics. 

The most common type of thermocouple is the Type T (i.e., 
copper/constantan) insulated with Teflon™ or TFE-fluorocarbon. Common 
configurations are flexible wires and rigid needle types. The method of 
insertion of the thermocouple in the container should supply an airtight, 
watertight seal that should be verified before and after the heat penetration 
test. If there is leakage caused by improperly positioned thermocouples, 
then the data obtained for a particular container will be invalid and must be 
discarded. Leakage may be detected by weighing the container following the 
thermal process in order to determine a change in the gross weight. Other 
methods for leak detection can be found in Chapter 10. 

Needle-type thermocouples are available from Ecklund-Harrison 
Technologies (Cape Coral, FL), while flexible thermocouple wires can be 
obtained from Omega Engineering Co. (Stamford, Ct). Details on 
thermocouples and connecting units are available in Pflug (1975). 

The thermocouple should be positioned at the slowest heating 
component of the food product situated in the slowest heating zone in the 
container. During insertion of the thermocouple, caution must be taken to 
avoid physical changes in the product such as moisture content or size, which 
may affect heating characteristics. In addition, the method employed for 
inserting the thermocouple into the container should not affect the container 
geometry, which would, in turn, influence heat penetration characteristics. 
NFPA (1985) has described methods for positioning a thermocouple into a 
solid particulate and positioning devices to ensure that the thermocouple is 
at the desired position in the container and is maintained in that position 
during processing. Fixed devices for flexible positioning of thermocouple in 
the container include the spring insertion technique, the parallel mode, the 
perpendicular mode, open Teflon ring, and the Kraft ring method (using the 
Lexan™ Ring). In order to select the most appropriate device for a 
particular application, it is necessary to consider the product, racking system, 
container type, and sealing equipment (NFPA, 1985). 

The cold spot and hence the choice for thermocouple location for foods 
that heat by conduction (e.g., cream soups, solidly packed meat products, 
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and vegetables with little or no free liquid, etc.) is at the geometric center 
of the container. For products that heat by natural convection (e.g., broths, 
thin soups, and vegetables packed in brine, etc.), the thermocouple should 
be located at about 10% of the container height along the vertical axis from 
the bottom (Pflug, 1975). In forced convection (i.e., agitating retorts) there 
is practically no cold spot, and the thermocouple is usually located at the 
geometric center. 

Processes that involve rotation of the container present unique problems 
other than that of the means by which the signal from the TMD is 
transferred to the data logger. The manner in which the container is rotated 
and the rate of rotation are critical and must be maintained consistent with 
that used in commercial practice. This is particularly important when 
laboratory simulators are used to determine the heating characteristics of 
products for rotary cooks in lieu of on-site determinations. 

Connectors used to connect lead wires to the thermocouple through the 
retort to the data logging device are enclosures composed of iron, aluminum, 
or plastic. There are several types of connectors available (Omega 
Engineering, Inc.; Ecklund-Harrison Technologies) that are selected 
according to the specific thermocouple used. Various kinds of connectors 
include those for specific applications and needs such as extra heavy duty for 
maximum durability, subminiature connectors for use with fine gage 
thermocouple wires, connectors for ultrahigh temperatures of up to 650°C, 
three-prong heavy duty and miniature versions for reliable connections. 
Miniature connectors (of the T series) are also available for RTDs and 
thermistors (Omega Engineering, Inc.). The connectors can be a source of 
thermocouple error. 

The type, size, and shape of the container used in the heat penetration 
test should be same as that used for the commercial product. The racking 
orientation of containers should also be the same as that which will be used 
in commercial practice. 

The temperature within the product zone of the retort should be 
monitored in order to detect any changes or variations in process 
temperature during a test run that may not be evident from the retort 
TMDs. These should be installed in the same manner as described for the 
temperature distribution test in the area found to be the slowest heating. 
Their specific location in the retort should be noted. In addition, at least 
one probe should be placed near the reference TMD and another near the 
sensing probe of the temperature recorder (ASTM, 1988). 

The accuracy of the data acquisition system used for heat penetration 
studies will undoubtedly affect temperature measurements. It is necessary 
to verify the actual time interval between thermocouple readings during a 
heat penetration test in order to depict accurately the heat penetration 
parameters and heating behavior of the product. This can be done by noting 
the time at the beginning and end of the test and dividing this time by the 
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number of data points (i.e., temperature readings). Errors in time intervals 
can cause inaccurate determinations for process lethality and heating rate 
index. 

Before commencing the heat penetration test, an evaluation of the 
temperature uniformity in the particular retort selected for processing should 
have been performed and is mandatory when the General Method is used. 
Results of these temperature distribution tests should be used to determine 
the location of the test containers within the retort. 

12.3.2 Study Experimental Design 

The purpose of the heat penetration test to be conducted is to determine the 
heating and cooling behavior of the product (i.e., filled and sealed container) 
for the establishment of safe thermal processes during commercial 
production. Thus, it must be designed to adequately and accurately examine 
all critical factors that affect heating rates. 

As any practitioner of heat penetration studies can testify, variation in 
the results within a single test run and between runs is a normal occurrence. 
Therefore, there should be a sufficient number of test units in each run to 
obtain a reliable measure of the variation as well as a replication of test runs 
to measure the between-run variation. After initial cold spot determination 
tests and all critical factors have been determined, at least three full 
replications of each test (i.e., for each slow heating location) are necessary 

(ASTM, 1988). 

A heat penetration test program should evaluate at least 10 working 
thermocouples from each test run (NFPA, 1985). If the location in the retort 
is not sufficient to accommodate this quantity, then the number of replicate 
test runs should be increased in order to obtain more data for accurate 
analysis. 

The location of test containers in a retort may or may not be critical if 
the retort has adequate temperature distribution. However, it is 
recommended that the test container be placed at the slowest heating 
location in the retort, as determined by temperature distribution tests. Test 
containers may also be placed in those areas known to be the fastest heating 
so as to obtain a measure of the maximum process. The placement of the 
test containers within the product zone should be such that the orientation 
is not different from the ballast containers so that the flow of the heating or 
cooling media remains the same as it is for the other containers. 

The thermal processing conditions, especially the CUT, for heat 
penetration studies should be the same as those used in the production of 
the product. The initial temperatures of the test container contents should 
represent the worst case scenario of that encountered in normal plant 
operations. 
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The time/temperature (raw) data obtained from the heat penetration 
test run should be examined for any abnormalities (e.g. erroneous 
temperature readings, malfunctioning TMDs, unexpected temperature 
deviations, etc.) that will ultimately affect calculations to determine specific 
heat penetration characteristics. Ensure that the total number of 
temperature readings obtained that use a data logger correctly correspond 
with the time allotted for the entire test run (and cooling, if included) and 
the preselected time interval between temperature measurements. 

12.4 DERIVATION OF THE HEAT PENETRATION PARAMETERS 

Heat penetration studies are conducted for the following reasons: 

• to develop a thermal process for a new food, container, or thermal 
processing system, 

• to validate a new thermal process or changes to product, container size, 
or the thermal processing system that may affect the product heating 
characteristics, 

• to verify a thermal process, 

• to evaluate the effects of the thermal process on sensitive nutrients and 
organoleptic quality (i.e., cook value), 

• to develop a mathematical model for process modification and control. 

A thermal process requires a temperature and time sequence for both the 
heatingandcoolingphasesspecificfora product/container/thermal processing 



Figure 12.1. Retort and product temperatures plotted with respect to time, T r = 
121.1°C. 
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system combination. Time and temperature are the two key parameters of 
a thermal process that is characterized by its projected lethality (i.e., F value) 
or sterilization value (SV), and, where appropriate, the cook value. The 
methods utilizing the time/temperature data from the heat penetrations 
studies combine the known or assumed thermal destruction of the target 
microorganism(s), nutrients, or organleptic characteristics with the heating 
characteristics of the food/container combination under the conditions 
imposed by the thermal processing system. Figure 12.1 shows the 
relationship between the retort or heating and cooling medium temperatures 
and the product temperature during a thermal process in a still steam 
vertical retort. 

12.4.1 Symbols and Definitions 

Before reviewing the methods for determining the heat penetration 
parameters, some of the symbols that will be used in their computation are 
defined as follows: 

B = Thermal process time, uncorrected for time required to bring the 
retort to processing temperature, 

D r = Time required at any temperature to destroy 90% of the spores or 
vegetative cells of a given microorganism, 

/ = Time, in minutes, required for straight-line portion of semilog 
heating curve to traverse one log cycle, 
f h = f of the heating curve when it can be represented by one straight 
line and the / of the first straight-line portion of a broken heating 
curve, 

f c = / of straight-line portion of semilog cooling curve, 
g = Difference, in degrees Fahrenheit or Celsius, between retort 
temperature and the maximum temperature reached by the food at 
the point of concern, 

g c = g when point of concern is the geometric center of the container, 
%bk ~ difference between retort temperature and food temperature at the 
time of the break in a heating curve, 
gk 2 = g va l ue ^e end of heating when the heating curve is broken. 
I h = Difference between retort temperature and food temperature when 
heating is started, 

I c = Difference between cooling water temperature and food 
temperature when cooling is started, 
j = A lag factor, 

j c h = j °f heating curve for the geometrical center of the container. 
Factor that, when multiplied by I h , locates the intersection of an 
extension of the straight-line portion of the semilog heating curve and 
a vertical line that represents the beginning of heating, 
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Jcc = J °f cooling curve for the geometrical center of the container. A 
factor that, when multiplied by 7 C , locates the intersection of an 
extension of the straight-line portion of the cooling curve and a 
vetical line that represents beginning of cooling, 
k = thermal diffusivity, 

l = time, in minutes, required to bring retort-to-processing 
temperature (CUT), 

P t = Operator’s process time. Time, in minutes, from the instant the 
retort reaches processing temperature to the instant steam is turned 
off and cooling is started, 

T = Temperature, 

T r = Heating medium (retort) temperature, 

Tfo = Initial food temperature when heating is started, 

T lc = Initial food temperature when cooling is started, 

T pih = Pseudoinitial food temperature when heating is started. 

Temperature indicated by the intersection of the extension of the 
straight-line portion of the heating curve and a vetical line that 
represents beginning of heating, 

T pic = Pseudoinitial food temperature when cooling is started. 

Temperature indicated by the intersection of the extension of the 
straight-line portion of the cooling curve and a vertical line that 
represents start of cooling, 

T w = Temperature of the cooling water, 

U = The equivalent, in minutes, at retort temperature, of all lethal heat 
received by some designated point in the container during the 
process, 

U c = U value of heat received by the geometrical center of a container, 
U bh = U in FjJU bh that corresponds to g bb > 

U b 2 — FJ in fh/U b 2 that corresponds to g h2 > 

12.4.2 Derivation of the Parameters 

It was shown in Chapter 11 that when the temperature of the heating or 
cooling medium is constant, the internal product temperature increases 
logaritmically in a linear manner with time. However, under practical 
conditions, such as is encountered in batch retorts, there is a time period at 
the start of the process in which the retort is coming up to the desired 
temperature (CUT) and the heating medium is not constant. This period 
must be dealt with separately from the linear portion when the heating 
medium is constant. 

The derivation of the heat penetration parameters is classically a graphic 
method involving the manual plotting of the time/temperature sequence. 
While the widespread use of personal computers (PCs) and available 
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Time (min.) 

Figure 12.2. Semilog plot of the heating curve. 

software has considerably reduced the labor involved and increased the 
accuracy of the determinations, it remains graphic. 

As seen in Chapter 11, the heat penetration parameters that are required 
for most if not all mathematical models are j chf f c , j cc> T ih T P ito T ic , and 
T ■ are defined in Section 12.4.1. The parameters for the heating portion 
of the process are derived by plotting the log of the differences between the 
heating medium (retort) temperature (T r ) and the product temperature (T) 
at each time interval against time as shown in Figure 12.2. The inversion of 
the logaritmic scale for they axis is a convenient device for having the curve 
ascending with time, but it does not affect the computations. The CUT is 
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Time (min.) 

Figure 12.3. Semilog plot of the cooling curve. 

marked on the graph. The best straight line of the linear portion of the 
curve after the CUT is derived. The semilog plot of the product 
temperatures during cooling is illustrated in Figure 12.3. For the cooling 
curve, the difference between the product temperature and the cooling water 
temperature is plotted as compared with the difference between the retort 
temperature and the product temperature for the heating curve. 

At one time the best straight line was constructed manually by visual 
estimate; however, a PC with appropriate software can compute the best 
straight line by linear regression analysis and produce an estimate of the 
closeness of the fit. This has greatly improved the accuracy of such 
determination, not to mention the speed. When computing or deriving the 
best straight line, care must be taken that only those results that are in the 
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linear protion of the curve are used. As the product temperature 
approaches very close to the retort temperature, there is an apparent 
decrease in the linearity, and these points should not be used to formulate 
the best straight line. 

When computing the best straight line, there is always a question as to 
which and how many data points should be used. Duquenoy (1985) advises 
initially selecting those points between temperatures T r - [0.85 (T r - T ih )\ and 
T r - [0.1(T r - T ih )\ If the correlation coefficient of the regression is not 
satisfactory, then points closest to the origin are removed, one by one, until 
a satisfactory coefficient is obtained. The resultant fit of the line must then 
be verified visually. Pflug (1982) recommends selecting the points between 
50°F and 3°F below T r The correlation coefficient, if derived, should also 
be used to evaluate the closeness of the fit. 

There is frequently a question as to whether there is a linear portion, as 
the results indicate a slight curvilinear relation. While treating the data as 
linear may induce errors, they are generally very slight and involve only 
specific temperatures between the start and the end of the process. It is 
most important that the slope truly represent the main direction of the 
heating curve. When the curvilinear aspect is more exaggerated, it is 
probably due to a change of state within the product that has caused a 
change in the heat penetration, in other words, a broken heating curve. This 
situation can generally be resolved into two different but connecting straight 
lines, as shown in Figure 12.4. Duquenoy (1985) advises dividing the data 
into two equal groups that represent the upper and lower portions of the 
curve. Regression analysis is carried out on both portions and compared. 
If the slopes are significantly different, then the data represent a broken 
heating curve and the two regression lines can be used. 

For products that exhibit solely convection or conduction heating and the 
heating portion of the curve is represented be a single linear segment, the 
best straight line, developed manually or by calculation, is drawn and 
extended to cross the line extended vertically from the CUT time and to 
meet the temperature axis. As indicated in Figure 12.2, the f h value (i.e., the 
reciprocal of the slope of the best straight line) can be determined from the 
graph as the time required for the line to traverse through one log 
temperature cycle. 

A correction is applied to compensate for the time required to bring the 
retort (i.e., heating medium) to the required processing temperature, which 
amounts to a correction to the zero time. As the temperature of the heating 
medium is increasing the rate of heat penetration varies. In addition, 
because the TMD is usually located at the geometric center of the product 
in the container, there is a time lag before which the heat has penetrated 
sufficiently to raise the temperature at this point. However, product at other 
points may well be experiencing an increase in temperature. Some of this 
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Figure 12.4. Semilog plot of a broken heating curve. 

heat, and this depends upon the quantity, will have a lethal effect on the 
microorganisms and must be taken into consideration. As a result of 
considerable experimentation, Ball determined that 42% of the CUT should 
be considered as process time at the retort or heating medium temperature. 
This is an average value and can vary from about 30 to 50%. While this 
may not be evident from the plotting of the lethal rates versus time, it 
should be remembered that the lethal rates were compiled from the 
temperatures taken at a point at the geometric center or slowest heating 
point and do not take into consideration product at other locations that may 
be at higher temperatures. Therefore, a vertical line is drawn from a point 
away from the origin of the graph that represents 58% of the CUT and is 
considered as the corrected origin. The temperature at which this line meets 
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the extension of the best straight line is termed the T as shown in Figure 

12 . 2 . P 

The heating lag factor,;^, is derived from the following expression: 


JcH = 


T -T 

1 r 1 pih 

T -T 

1 r 1 ih 


( 12 . 1 ) 


The difference between the retort temperature after CUT and the food 
temperature at the commencement of heating, /^, is: 



K = T r ~T ih 

(12.2) 

Then 

hhfh ~T r ~ Tpih 

(12.3) 


The g is defined in the preceding section and can represent the 

V _ _ 

temperature difference (T f - T) for the times tj and ^ as shown in Figure 
12.2. Therefore, the slope of the best straight line (triangle ABC) can be 
written as follows: 

1 log^-tog^ 

V fh 

and, since the process time ( B ) is the* coordinate, and lo- logg c is the 
y coordinate, the general equation may be written: 

logj ch I h -\ogg c = jB 

J h 

or B -h^jJh-^gc) ( 12 - 5 ) 

Tlie derivation of the additional heat penetration parameters for broken 
heating curves is illustrated in Figure 12.4. 
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13 

THERMAL PROCESSES - 

DEVELOPMENT, 
VALIDATION, ADJUSTMENT, 

AND CONTROL 


13.1 INTRODUCTION 

A microbiologically stable (i.e., commercially sterile) product, which is the 
prime goal in food canning, is defined as the condition achieved by the 
application of heat—sufficient, alone, or in combination with other 
appropriate treatments—to render the food free of microorganisms capable 
of growing in the food at normal nonrefrigerated conditions at which the 
food is likely to be held during distribution and storage (CODEX, 1989). 
To accomplish this, the microbiological flora of a food must be reduced to 
a zero level or the combination of the thermal process and the composition 
of the food (i.e., reduced pH and/or water activity, inclusion of growth 
inhibitors, etc.) will be such that any surviving organisms will not represent 
a health hazard or cause product spoilage. It was explained in Chapter 4 
that the attainment of an absolute zero level is not possible as the thermal 
destruction of a microorganism, in mathematical terms, is generally assumed 
to be log linear so that a zero level is approached but never attained. From 
this relationship a D value (Chap. 4) for a microorganism, which is the time 
required at any specified temperature to destroy 90% (1 log cycle) of spores 
or vegetative cells (Stumbo, 1973), is derived. There is a log linear 
relationship between the D values and temperature for a microorganism 
characterized by a z value that is the number of degrees, Fahrenheit or 
Celsius, required for the thermal destruction curve (TDT) to traverse one 
log cycle; it is mathematically equivalent to reciprocal of the slope of the 
TDT curve (Chap. 4). 

In the development of a thermal process to achieve microbiological 
stability, the most thermally resistent microorganisms that represent a health 
hazard on the one hand and a spoilage hazard on the other are selected as 
targets for destruction. Clostridium botulinum spores are the health hazard 
target and, depending upon the product, spores of microorganisms like C. 
sporogenes , Bacillus stearothermophilus, or C. thermosaccharolyticum may be 
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the target organisms for spoilage. To assure product safety, it is generally 
agreed that the thermal process, in absence of any other factors, should at 
least cause a 12-log reduction (i.e., 10 12 to 10° or 1) in the spores of C. 
botlinum (i.e., the 12 D concept). In the practical world such concentrations 
of C. botulinum spores are never encountered in a food to be processed. 
However, to illustrate how confidence in product safety results from the 
application of this concept, assume that 500 g of food packed in a container 
contains one spore of C. botulinum per gram or 500 spores per container. 
A 12-log reduction would reduce this to 5 x 10 10 , an infinitesimally low level 
and an almost nonexistent probability that one spore will survive. The 
history of the safety of canned foods since the inception of this concept is 
adequate proof of the wisdom of its adoption. The target number of log 
reductions for the spoilage organisms is generally less and depends upon the 
risk a canner may wish to take that there will be some level of spoilage in 
the product. In this chapter, these two requirements will be applied in the 
development of an adequate thermal process. 

There are other considerations, such as the net nutrient value and the 
organoleptic quality of the finished product. Heat will degrade some of the 
nutrient components, especially the thermally labile vitamins, just as heat will 
destroy the microorganisms. Excessive heat can adversely affect the 
organoleptic quality, especially in the case of fruits and vegetables. 
Therefore, the overall cooking effect must be considered. This aspect will 
be treated in this chapter. 

As the destruction of microorganisms is a matter of temperature and 
time, the temperature profile of a food undergoing thermal treatment must 
be known so that the effect on the target microorganisms can be evaluated. 
The basic concepts of the uptake of heat by a product has been covered in 
Chapter 11. In Chapter 12 the methods used in determining the heating 
characteristics of a packaged food and how these are used to construct the 
various mathematical models were discussed. In the derivation of the 
sterilization value of a process there is a marriage of the thermal destruction 
of the microorganisms and the heating characteristics of the food and 
container. 

13.2 Derivation of Process Lethality or Sterilization Value 
13.2.1 Sterilization Value 

In Chapter 12 it was seen that for a product maintained for a time t at a 
temperature T, the sterilization value (SV) can be defined as: 

t-t* f 

F^= 10 z .t (13.1) 

Fj f expresses the duration of the treatment at ^ref that has the same effect 


THERMAL PROCESS - DEVELOPMENT, VALIDATION, 
ADJUSTMENT, AND CONTROL 


453 


on the microorganisms as the treatment for a time t at temperature T. To 
calculate this effect, the following formula is used: 


N 


N 


= 10 


F l 

D t 

r i*f 


(13.2) 


0 


D t is the decimal reduction time at ^ref for the microorganism under 
consideration, Nq and N are the initial and final microbial counts, T ref for 
canned foods is generally taken as equal to 121.1°C (250°F), and z depends 
upon the microorganism under consideration and the nature of the product 
in which it resides, z is generally taken as equal to 10C° (18F°), which 
represents the thermal sensitivity generally attributed to spores of C. 
botulinum. 

As the temperature of the food in a container during a thermal process 
varies with time, the preceding formula must be generalized. Thus, the SV 
is defined by: 

n<)-T nt 

F T z =f 10 2 dt 

l Kl Jo 


which signifies that the instantaneous effect, represented by the lethal rate 
(Bigelow factor), 10 ^ * ^ref^ 2 , will be summed with respect to time. 

When the temperature is not uniform, the point in the container that 
receives the least treatment—the so-called cold point—is of prime interest. 
Therefore, the SV is always calculated from measurements made at the 
geometric center of the container or at some other point, as discussed with 
respect to the heat penetration tests in Chapter 11, that has been shown to 
be the slowest to heat. Thus, with the assistance of the conduction model, 
an average SV for the entire container contents can be calculated by: 




r-T Kt 

z 




This laborious calculation does not make sense as one can only 
summarize the number of microorganisms per unit volume over the volume 
of the container. In fact, the calculation of the number of microorganisms 
is even more complicated and is generally not done. 

For the natural convection of the viscous or liquid products and the 
induced convection of products in mechanically agitated containers, the 
geometric center of the container may not be the product center because the 
latter is continuously being displaced. For convection heating products 
stacked upright in still retorts, the cold point during the heating stage is 
displaced from the geometric center to a point closer to the container 
bottom on the central axis. However, the position of the cold point is 
reversed on cooling as it is displaced upward along the central axis. For 
product in rotary or agitated retorts and for jumble packed containers in still 
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retorts the SV is customarily determined at the geometric center of the 
container and is taken to represent the minimum thermal treatment received 
by the microorganisms that would stay static (by a mechanism unknown) at 
that point. Experience has shown that this SV is a reliable indicator of the 
hygienic quality of the final product, but the movement of the product can 
sometimes result in insufficient sterilization becoming evident. 


13.2.1.2 


Cooking Value and Process Opti 


91 


ization 


A general equation for the cooking value can be developed in the same 
manner as that for the sterilization value: 

T'T nf 

c\ c = fio Zc dt 

'rrf Jo 

The reference temperature (T ref ) for the cooking value is generally 
taken as 100°C. Various values for z c , which is a value analogous to the z 
value in microbial destruction, have been reported in the literature. Some 
of these values are given in Table 13.1 (Paulus, 1984). The effects of the 
heat on the organoleptic properties (e.g., appearance, taste, texture, color, 
etc.) have been used, and, as can be seen, they are not identical for different 
products. While the values range from under- to overcooked, an optimum 
cooking value can be derived for each. 

It is difficult to imagine a thermal process that would permit 
optimization of all organoleptic characteristics and produce a 
microbiologically stable (i.e., commercially sterile) product. For the sake of 
safety and minimizing spoilage, a certain tolerance has to be conceded with 
respect to the cooking value. A precise definition of each characteristic and 
the effect of heat on each can be time consuming, and costly and may, in the 
end, not be too productive. However, a compromise strategy can give good 
results in which: 


• the sterilization value (SV) is kept to the minimum necessary to assure 
product safety and stabilization, 

• the process developed to attain the minimum SV and controls installed 
to ensure that it is attained for all products, 

• variations within a thermal process kept to a minimum so that some 
products are not overcooked, 

• evaluating the finished product organoleptically with respect to the most 
critical characteristic(s) and determining the heat effect followed by 
experimentation to see if improvements can be made (e.g., higher 
temperatures, shorter time). 

Care should be taken when applying values reported in the literature 
because they may not be directly applicable to your products. There is also 
the matter of different usage, customs, and so on. 
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Table 13.1 Some Values for z c 


Product 

Characteristic 

z c (C°) 

Potato 

Taste 

17-20 


Texture 

17-19 


Slicing 

18-21 

Tomato sauce 

Appearance 

16 


Taste 

17 

Vegetables 

Appearance 

21 


Taste 

24 

Fish paste 

Appearance 

23 


Taste 

24 


Texture 

28 

Liver paste 

Appearance 

33 


Taste 

34 


Texture 

29 


Source: Paulus, 1984. 


13.2.2 Derivation of the Process Lethality or Sterilization Value — General 
Method 

The general method produces a total lethality for a set time/temperature 
sequence, product, container, and processing system. It does not develop 
parameters characteristic of the heating and cooling behavior of the 
product/container combination. While it has a limitations for forecasting the 
effect of changes in the process time, its main use lies in the validation and 
verification of a process. 

The calculations for this approach depend upon a standard unit of 
lethality (Fo) defined as 1 minute heating at a specified reference 
temperature. The total process lethality is the number of standard units of 
lethality produced by the process designated by the symbol F. For example, 
if F = 3, then the sum of all lethal effects of the heat for the target 
microorganism in the process is equivalent to 3 minutes at a specific 
reference temperature, assuming instantaneous heating, and cooling. 
Subscripts are added to specify the point in the product to which the 
lethality is applicable, for example: 

• F c = lethality at the product geometric center, 

• F^ = lethality at some point away from the geometric center, and 

• F s = sum of all lethalities throughout a product (particularly relevent 
in conduction heating foods). 
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Subscripts are also added giving the reference temperature (e.g., op ). 

Lethality ( F ) is directly related to the effect of the temperature(s) on the 
microbial death of the target microorganism(s). The z value (Chap. 11) 
designates the target organism and is added as a superscript; for example, 
F 10 ^states that the target organism(s) has a z value of 10C° (18F°). From 
the discussions in Chapter 11, it is obvious that a process designed to destroy 
microorganisms characterized by a z-value of 10C° (18C°) would not cause 
the same destruction as a microorganism that has z = 12C° (21.6F°) in the 
same time period. Therefore, F is properly defined as the equivalent, in 
minutes at a specific temperature, of all lethal heat in a process with respect 
to the destruction of a microorganism characterized by a given z value or 

• As a z value of 10C° (18F°) is assumed for spores of public health 
significance (C. botulinum ), lethalities or sterilization values calculated using 
this value at a reference temperature of 121.1°C (250°F) are designated by 

, , r r? 10C°(18F°) J 

the symbol F Q or F £ - 

Because the product temperature changes progressively during heating 
and cooling, the lethal rate at each temperature must be computed in order 
to calculate the total lethality during the time/temperature sequence. The 
lethal rate (L) is mathematically defined by: 

T- 121.1 

L = log 1 " l- 1 --- or = 10 * (for degrees Celsius) 

z 

T- 230 

L= log' 1 - T —~- or = 10 x (for degrees Fahrenheit) 

z 

The lethal rates for any z value and reference temperature can be easily 
calculated by using almost any hand-held calculator that has a power 
function. While published tables are available (Stumbo, 1973; NFPA, 1968), 
calculations can be simplified by formation of a graph, as shown in Figure 
13.1, in which the lethal rate for z = 10C° and = 121.1°C is 1.000 is 
plotted and a straight line that has a slope of 10C° is drawn through that 
point. Thus, the equivalent lethal rate for any temperature between 131.1°C 
and 91.1°C can be read from the graph. 

The conventional general method is graphic in that the lethal rate for 
each time/temperature couplet is calculated and plotted on a graph against 
time, as shown in Figure 13.2. The points were joined and the area under 
the curve so formed calculated to give the total lethality ( F) in minutes. 
Various methods were used to determine the area of such an irregular 
shape. These included using a planimeter or cutting out the shape, weighing 
it dividing the weight by the weight of 1 in. 2 , or centimeter of the same 
paper to calculate the area. As can be imagined, this is laborious and time 
consuming, especially if it had to be done for 10 determinations per test and 
three test runs as advocated in the heat penetration protocol in Chapter 12. 

A quick method for determining the area under irregularly shaped 
curves is supplied by the application of Simpson’s rule, which can be 
represented by: 



(y a + y b ^y m ) 

6 


(b-a) 
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Figure 13.1. Equivalent lethal rates, z = 10C°, T rei = 121.1°C. 

in which y a is the lethality rate for the first time/temperature couplet, y b is 
that for the last couplet, and y m is the midvalue between the two limits. In 
effect, a weighted average is calculated multiplied by the base. For example, 
in a validation of a thermal process, a lethal rate of 0.001 was found at 26 
minutes, 0.003 at 83 minutes, and the midvalue was 0.132. Although there 
were lethalities at time before and after the two limits, they were very small, 
less than 0.001, and generally contributed very little to the overall lethality 
and are not taken into account. Substituting these values into the preceding 
equation gives a value of 5.06. This compares very favorably to a value of 
5.25 obtained by a more accurate computerized method. The use of 
Simpson’s rule has certainly decreased the time and effort to obtain a 
reasonably accurate measure. 
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Figure 13.2. Lethal rate versus temperature. 

The area under the curve is usually computed by calculating the area 
under each time segment using the trapeziod method. This method is shown 
graphically in Figure 13.3 in which Lj and L 2 represent the lethal rates at 
times t l and / 2 , respectively. While the line between the two points is 
represented as straight, it is in fact curvilinear, as can be seen from Figure 
13.2. However, as the time increment is decreased, the line joining the two 
points comes closer and closer to a straight line and the discrepancy is less 
and less. This is a good argument for having the time intervals as short as 
possible, equipment permitting. 

Fortunately, most data loggers used today both monitor and record a 
number of TMDs at short time intervals (i.e., as low as 10 seconds) and can 
be programmed to calculate the lethal rate for each temperature recorded, 
and even to integrate the lethal rates with time. Complete reports can be 
printed to form part of the permanent file on the test. There is the added 
benefit in that the heating phase of the process can be stopped at any point 
at which the accumulated lethality is on the order of that which is desired. 
The contribution of the cooling phase to the lethality can also be derived 


A =L| x ((i -2 - Li)x(fc-fi ))/2 



Figure 13.3. Trapezoid method for calculating the area under a time segment 
(interval) of the lethal rate curve. 
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Table 13.2. Variations in SV from 10 Tests Units 


Unit No. 

Sterilization Value 

General Method 

Heating 

Cooling 

Total 

1 

6.73 

1.09 

7.84 

2 

6.39 

1.03 

7.42 

3 

6.13 

0.74 

6.89 

4 

7.32 

1.00 

8.32 

5 

5.74 

1.13 

6.87 

6 

5.22 

1.13 

6.37 

7 

4.77 

0.33 

5.32 

8 

7.24 

0.64 

7.88 

9 

6.23 

0.73 

6.96 

10 

6.67 

1.06 

7.73 

Average 

6.23 

0.91 

7.16 

Std. Dev. 

0.781 

0.215 

0.837 


and is an added plus. Modern data loggers can also be linked to desk or 
laptop computers, and the time/temperature and other data pertinent to the 
test taken directly into a variety of programs for determing the process 
lethality or heat penetration characteristics of the product/container 
combination. A simple method is to bring the data into a spreadsheet 
program, like Lotus 123 or Quattro, and then to make any and all 
calculations by using the formula and calculation capabilities of the software. 
This feature has done much to reduce the labor involved in the various 
calculations. The answers are obtained almost simultaneously with the test. 

As any practitioner of the technology can vouchsafe, test results will 
vary. There is always the question of how to deal with the variation in 
deriving a single reliable result that can be used. One method is to apply 
the worst case situation. Since the test units in a heat penetration test 
should represent the worst case as far as product, fill, and so on, then the 
lowest lethality would represent the worst case or slowest heating. However, 
there is always doubt as to whether this truly represents the worst case, 
which may become apparent should a greater number of test units or 
replications (runs) be used. Another approach is to calculate the average 
and standard deviation. The potentially lowest possible value can be 
calculated by subtracting some multiple of the standard deviation from the 
mean. The multiplication factor used depends upon the risk or assurance 
required. Any text on statistical methods of analysis will provide the means 
for carrying out these calculations and for determining the probability or 
risk. As an example of the type of variation that can occur and the 
application of the mean and standard deviation, the results from a test are 
given in Table 13.2. 
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The SVs are given for the heating phase, the cooling phase, and total, 
with the averages and standard deviations computed for each phase. The 
total average value is 7.16. Subtracting 2 standard deviations (2 x 0.837) 
from the average gives a value of 5.49; 3 standard deviations gives 4.65. 
Assuming that these values are normally distributed, as are most 
measurements, then it can be inferred that there is a 2.5% probability that 
there could be a value lower than 5.49 and 0.5% for a value lower than 4.65. 
It should be noted that the two values computed bracket the worst case, 
5.32, in the preceding data. The test results within a run and between runs 
should be evaluated by an analysis of variance. Methods for this test can 
also be found in any standard text on statistical methods of analysis. It is 
not uncommon to find that there is a significant difference between runs, 
although every attempt has been made to keep all known variables constant. 
While the worst case is simpler, it is not always the most dependable. In 
cases where the variation within and between runs is high, attempts should 
be made to locate the causes so that they may be remedied and the series 
run again. The analysis of variance or similar methods permits a logical 
approach to determining variation and gives the means to evaluate corrective 
measures taken objectively. 

The graphic representation of the progression of the lethal rates with 
time have been used by various workers to adjust the process time. In cases 
where the accumulated lethality (i.e., area under the curve) exceeds the 
requirement, a time less than the total time is selected and the area under 
the reduced curve is calculated. This is then added to the lethality under the 
cooling portion of the curve, and a projected lethality of a reduced time 
process is derived. In the case in which the lethality is less than that 
required, a tangent to the curve is drawn at the point at which cooling starts. 
A time is projected along this tangent, which in effect extends the heating 
portion of the lethality rate curve and the area under the extended curve 
calculated. In either case, the times are adjusted in successive tries until the 
final result agrees with the requirements. The adjusted times are estimates 
only and should be verified by repeating heat penetration tests that use the 
adjusted times. For data loggers that have the capability of computing the 
accumulated lethality with time (i.e., area under the curve) and providing a 
printout of the results, this operation is considerably simplified because the 
time that provides the required lethality can be selected. This addition of 
the time for the cooling portion would give a projected lethality for reduced 
time. However, for increased time the method described earlier would have 
to be used. 

13.2.3 Sterilization Value and Process Time — Formula Method 

The mathematical model formulated by Ball that was reviewed in Chapter 
12 is still used to this day, especially in North America, as the formula 
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method for the calculation of the sterilization value and process time from 
the heat penetration parameters. The derivation of the heat penetration 
parameters is covered in Chapter 12. However, to save the reader time, the 
basic formula involved in the calculations will be reviewed here. 

The f h value is the reciprocal of the slope of the linear portion of the 
heating curve. The general equation for the process time (B ) is: 


B =fh( lo &jch I h- ]o &8c) (13-1) 

3nd jJh = T r ' T pih 

The bacteriocidal effect of the temperatures must be added to this 
mathematical treatment of the heat penetration into the product, as revealed 
by the temperature at some point within the food under the effect of the 
retort (heating medium) temperature. This is done through the relationship 
of g to the ratio f^lU. U is the time required at retort temperature to 
accomplish the same amount of bacterial destruction as would be 
accomplished by a heat process of some given F value at a reference 
temperature or U = FF r The reference F value is generally 1 minute at 
121.1°C (250°F) for a microorganism that has a z value of 10C° (18F°). The 
equivalent time at other temperatures can be computed by: 

T Kt~ T 

F. = 10 2 

in which the reference temperature is 121.1°C or 250°F and the z value is 
10C° or 18F°, respectively. Thus, at 232°F, the time required to be 
equivalent to 1 minute at 250°F would be 10 minutes. 

As the z value is used to compute the U value, it has a very significant 
effect on the f h /U andg relationship. Although the relationship was found 
to be virtually independent of the process parameters such as retort 
temperature, container dimensions, intial food temperature, cooling water 
temperature, and the j ch of the product heating curve, it is very dependent 
upon the j cc of the cooling curve. Ball (1923) assigned a constant value of 
1.41 to this parameter. In recognition of this effect, Stumbo (1973) has 
published tables for z values that range from 8 to 200 on the relationship of 
f h /U and g over values for j cc that range from 0.4 to 2.00 to account for the 
variations observed in practice. The values given in Table 13.3 have been 
extracted from Stumbo s tables and will be used later in this chapter. In 
computing the values for these tables, the influence of the temperature 
gradient at the end of heating (i.e., beginning of cooling) has been accounted 
for. Because the general method of integration was used to obtain U values 
(including lethal value of heat during cooling) in the fJU:g relationships, it 
follows that for any given value of g, the value of U in the f^/Uig ratio 
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Table 13.3. f^/U as a Function of g 9 j c = 1.40 


flJV 

g 

N 

II 

O 

n 

0 

N 

II 

OO 

1 

0.4 

0.010 

0.018 

0.5 

0.032 

0.057 

0.6 

0.068 

0.123 

0.7 

0.119 

0.215 

0.8 

0.182 

0.328 

0.9 

0.254 

0.458 

1.0 

0.333 

0.600 

2.0 

1.228 

2.210 

3.0 

2.044 

3.679 

4.0 

2.744 

4.939 

5.0 

3.350 

6.030 

6.0 

3.878 

6.980 

7.0 

4.344 

7.819 

8.0 

4.756 

8.561 

9.0 

5.133 

9.239 

10.0 

5.478 

9.860 

15.0 

6.839 

12.310 

20.0 

7.839 

14.110 

25.0 

8.667 

15.601 

30.0 

9.333 

16.799 

35.0 

9.889 

17.800 

40.0 

10.389 

18.700 


Source : Stumbo, 1973. 


accounts for all lethal heat during both heating and cooling. Thus, the g as 
used in the equation of the heating curve also accounts for all lethal heat of 
both heating and cooling, as will be demonstrated by example. 

The variation in the SV as seen in the previous section on the general 
method is also seen in the heat penetration parameters developed from the 
heat penetration data. According to the protocol outlined in Chapter 12, 
there should be a minimum of 10 test units per run and at least three runs, 
for a total of 30 test unit results. As an example of the variation that can 
occur, Table 13.4 lists the heat penetration parameters and sterilization 
values derived from a single run involving 10 test units. All test units were 
prepared on the basis of the worst case and placed in the area of the 
product zone in the retort that showed the slowest heating. The retort 
temperature was 240°F and the run time was 74 minutes to the start of the 
cooling. Unfortunately, while the fill temperatures of the test units were 
closely controlled, the time lag between their preparation and the start of the 
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test run allowed the individual test unit temperatures to vary, as can be seen 
in Table 13.4. It should be noted that this is a not uncommon occurrence 
under test circumstances. The data were not selected to show an acceptable 
agreement between the test units. They do exhibit the kind of variation that 
can frequently occur. 

The same problem that arose in the discussion on the results of the 
general method is faced here. What heat pentration parameters should be 
selected that will truly represent the worst case (i.e., slowest heating)? One 
theory is to compute the sterilization values from the parameters derived for 
each test unit, as shown in Table 13.4 and to select the lowest, which in this 
case would be test unit no. 7, which has an F = 5.20 after a total heating 
time of 68 minutes. Once again, the problem is whether the value selected 
is really the lowest value that could occur under the processing conditions. 
If not, there may be a risk of underprocessing some of the units in a retort 
load at some time in the future if the production process parameters are 
based on this selection. 

It is assumed that the initial product temperature is constant, then the 
parameters that control the determination of both the SV and process time 
(B) by the formula method are the f h and j ch . As can be seen from Table 
13.4, these parameters vary from test unit to test unit. One method is to 
select the combination of the two parameters, from the data, that give the 
lowest SV. These are then used in the formula method to derive B 
consistent with a desired SV. However, as for the SV from the general 


Table 13.4. Calculations Resulting from the Heat 

Penetration Test on 10 Test units at 240°F for 68 
minutes 


Unit 

No. 


fk 


F 0 Formula Method 

Jch 

Heating 

Total 

Diff. 

1 

74.2 

35.47 

0.53 

6.44 

7.17 

0.73 

2 

75.4 

36.25 

0.55 

6.12 

6.85 

0.73 

3 

73.9 

23.72 

2.50 

5.93 

6.46 

0.53 

4 

74.1 

45.16 

0.27 

6.96 

7.84 

0.88 

5 

73.1 

41.56 

0.46 

5.45 

6.22 

0.77 

6 

71.1 

37.06 

0.70 

4.95 

5.64 

0.69 

7 

74.4 

31.92 

1.27 

4.59 

5.20 

0.61 

8 

71.6 

30.16 

0.39 

6.86 

7.64 

0.78 

9 

72.2 

27.32 

1.36 

5.98 

6.57 

0.59 

10 

64.9 

33.34 

0.61 

6.38 

7.07 

0.69 

Average 

72.5 

35.00 

0.86 

6.00 

6.67 

0.70 

Std. Dev. 

2.84 

6.006 

0.643 

0.739 

0.789 

0.097 
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method, there is always doubt as to whether the values selected truly 
represent the lowest that could occur. The statistical approach assumes that 
they will be distributed normally, because they are derived from 
measurements and that the addition of a number of standard deviations to 
the average in accordance with an acceptable risk can be used to derive a 
theoretical lowest value for each parameter. These can then be used in the 
formula method to derive a process time ( B ) that would produce the 
required minimum SV. In this case, the standard deviations are added to 
the average because the higher the f h and j ch values, the lower the SV at any 
given process temperature and time. From the spread of values for these 
two parameters shown in Table 13.4, it should be obvious that any extension 
in the process time at a given process temperature could also produce 
overcooked product that would in turn adversely affect the organoleptic and 
nutritional properties. Another approach is to take the parameters derived, 
use them in the formula with a set SV, and calculate the process time (B) 
that each combination would require. Average the process times and add 
the number of standard deviations consistent with the risk desired and use 
that as the minimum process time. The method or approach to be used is 
in the hands of the processor and the risk that the processor wishes to take. 
It is not a problem that has an easy solution, especially if overcooking is to 
be minimized. 

The derivation of the f h and j ch values from the heat penetration data 
is another source of variation. Manual fitting of the best straight line to 
represent the linear portion of the semilog temperature and time graph can 
be a source of variation. Three persons, each doing the fitting, will 
undoubtedly come up with three different parameters. While they may be 
reasonably close, they will be different. If the regression anlaysis is used, 
then the selection of the range of values to be used in the computations is 
critical. Rules must be established so that these can be selected to meet pre- 
established criteria. One criterion is to establish a minimum correlation 
value and number of points to be used. Even within these confines, 
variations can occur that will affect the outcome. However, whatever 
method is used it must be consistent and, one hopes, be logical. 


13.2.3.1 Calculation of F 0 when f h IU > 0.4 


This can best be described by a practical example. Assume that a product 
has a T r = 240°F; T ih = 74.4°F; T ih = 28.8°F;4 = 31.92 min; z = 18F° 

and B = 68 min. The problem is to predict the sterilization value. 


By rearranging Eq. (13.1), 


Uh 


= T r - 


Tpih = 211-2 


log g c = log j ch I h - b!f h 

= log 211.2 - 68/31.92 
= 0.1944 


= 1.5645 


g 
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From Table 13.3, 


From Eq. (13.2), 


m = 

u c = 
= 

F, = 

F = 


1.723 

31.92/1.723 = 18.558 

U </ F U 

10 l25b-24O)/l8 = 3.5 94 


18.558/3.594 
= 5.2 

The other side of the coin is to predict the process time (B) for a given 
sterilizaion value. Using the same values given for the preceding example, 
calculate the process time to achieve an F 0 = 6.0 

F. = 6.0 


U. = 


From Table 13.3, 
From Eq. (13.1), 


s c 

B 


FA 

6.0 x 3.594 = 21.564 
31.92/21.564 = 1.488 
1.18 

31.92 (log 211.2) - log (1.18) 
71.9 or rounded off = 72 min. 


13.2.3.2 Case when f h !U < 0.4 

An interesting approach for resolution of this particular situation was 
presented by Ganne et al. (1991). From Table 13.3, it is evident that when 
flJU < 0.4, g will be less than 0.018F 0 or 0.01C 0 and the difference between 
the process temperature ( T r ) and the product temperatur (7) at the 
beginning of the cooling cycle (steam off) will have the same value. Thus 
the thermal process can be divided into three phases as shown in Figure 

13.4. 

During time Bv of phase 1 in Figure 13.4, the product acquires a 
sterilization value = Fv. During time Bp in phase 2, the product acquires 



Figure 13.4. Case when f h !U < 0.4, the difference between the center product 
temperature (T ) becomes less than 0.01C 0 during the process. 
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a sterilization value = Fp. During the cooling phase, the product acquires 
a sterilization value = Fr. Therefore, the total process time = Be = Bv + 
Bp and F Q = Fv + Fp + Fr. Cooling is considered to start when g has the 
least value in the tables; for example, g = 0.01C 0 or O.OI 8 F 0 and 

Sv = 4[(iog(u4)] log(O-Oi)) 

Since g is practically equal to Tr at this point, the sterilization value can be 
calculated by: 

Fp = Bp X lO^rTrcfV 2 

or Bp = Fp/lO^r. 7 ^ 2 

and since Fp = Fo - (Fv + Fr) 

then Fv + Fr = f h x 10 

For example, assume that the heat penetration parameters for a 
particular product are: f h = 6.39; j ch = 0.72; T r = 121.1°C; T ref = 121.1°C; 
T ih = 19.7°C; j c f T lf l = 73.5, and the CUT = 8 minutes. What would the 
predicted process time (B) for a sterilization value (Fo) = 17 min? 

1. Calculate f h IU = 6.39/17 = 0.376 

2. Bv = 6.39(log 73.5 - log 0.01) = 24.7 min 

3. Fv + Fr = 6.39 x 1/0.4 = 15.975 

4. Bp = (17 - 15.975)/l = 1.025 min 

5. Be = 24.7 + 1.025 = 25.7 min 

6. B = Be - (0.42 x CUT) = 25.7 - 0.42 x 8 = 22.3 min (round off at 
24 min). 

13.2.3.3 Products That Exhibit Broken Heating Curves 

The heating and cooling characteristics of this type of product are shown in 
Chapter 12 and are often far from uniform throughout the container. There 
is no method avaialable at the present time for integrating the lethal effects 
at all points in containers of such products. Present methods involve 
measuring the temperatures at the geometric center and deriving the 
parameters described in Chapter 12. 

There are many products that show broken heating curves. The curve 
actually appears curvilinear; however, two linear portions can be identified 
that fit fairly well to the data and have acceptable correlation values (Chap. 
12). Ball (1923) developed equations for use in evaluating processes for 
such products. However, because of uncertainties attendant with the use of 
his mathematical approach, it is recommended that the general method be 
used. Those who wish more information on the mathematical method for 
broken heating curves should consult Stumbo (1973). When the heating 
curve is broken, attempts should not be made to convert heat penetration 
data for one set of conditions to another since the retort temperature, initial 
temperature, and container size and type can affect the point at which the 
curve breaks and is usually unpredictable. 
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13.3 Changing Container Size and Type 

Canners pack the same product into containers of various sizes to meet 
consumer demands, and will even use other types of containers (e.g., glass). 
The heat penetration parameters developed for a product can be used to 
predict the effect when changing from one container size to another of the 
same container type and shape, from one shape to another of the same type 
and even from metal to glass. Thus, a repetition of the time consuming and 
expensive heat penetration study can be avoided. However, it is important 
to remember that these are only estimates and should always be confirmed 
by further tests and derivation of the sterilization value by the general 
method. Verification tests are usually more restricted as to the numbers of 
test units and run replication. 

13.3.1 Container Size or Shape, Same Container Type 

13.3.1.1 Convection Heating Products 


The parameter j h is only slightly affected by a change in the size of the 
container. While the j ch value for convection heating products is 
theoretically equal to 1, in practice the values derived vary from the 
theoretical value for the reasons discussed earlier in this chapter and in 
Chapter 12. The f h does change, as it is affected by the container 
dimensions as well as by the nature of the product. Therefore, it is the only 
parameter of concern when predicting a change in container size for 
convection heating products. 

In Chapter 12,/^ for convection heating products is defined by: 

f h = mCJ2303h g A (13.3) 

The product mass (m) = Kp, where V is the product volume, p the mass per 
unit volume (density), C the mass thermal capacity,the container surface 
area and h ^ the overall neat transfer coefficient. 

In the comparison of two f h values for the same product in the same 
container type and processing system, C p , p, and h g are the same, and the 
temperature throughout the product is assumed to be uniform (Chap. 11) at 
any time interval. Thus from Eq. (13.3) the comparison of two f h values can 
be represented by the following equation: 



(13.4) 


The volume of a cylindrical can having a radius R and height H is 
determined by: 

V = 17 -r 2 h 


and the area by: 


A = 2itR(R +//) 
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For the purpose of the following computations, it is assumed that the 
ratio of the fill volume to the total container volume is kept constant from 
one container to another. Thus, when the expressions for V and A are 
substituted, Eq. (13.4) becomes: 


fhi =fh> vd x 


R 2 + h 2 


(13.5) 


Some readers may be more familiar with a rearrangement of Eq. (13.4) 
in which RH/R + H is designated as the can factor and the predicted f h 
derived by dividing the can factor for the unknown can by that of the known 
times the f h of the known can. 

To illustrate the application of Eq. (13.4), consider a product packed in 
a 307 x 409 three-piece metal can that has an f h = 6.39. What would be the 
f h for the same product packed into a 603 x 700 container? 

The container dimensions given earlier represent the diameter by the 
height in inches plus sixteenths of an inch (307 = 3 7/16 in). These are 
outside dimensions, and to convert these to internal dimensions, as a general 
rule, 1/8 in. is subtracted from the diameter and 1/4 in. from the height 
(NFPA, 1968). Thus, the container dimensions to be used in the 
computations for the 307 x 409 are: 

R = (3 7/16 - 2/16)/2 = 1.656 in., H = 4 9/16 - 4/16 = 4.313 in. 

Those for the 603 x 700 are: 

R = (6 3/16 - 2/16)/2 = 3.03 in., H = 7 - 4/16 = 6.75 in. 

Substituting these values into Eq. (13.4) gives; 

f h = 6.39[(3.03 x 6.75)/(1.656 x 4.313)] x [(1.656 + 4.313)/(3.03 T 6.75)] 
or f h = 11.17 min. 


13.3.1.2 Conduction Heating Products 


The temperature throughout the product is not uniform in conduction 
heating products (Chap. 11). For the application of the the Ball formula 
method it is assumed that the Biot number [Bi = (hj)/k] is very large. The 
1 factor is a dimensional characteristic of the container (e.g., half-height or 
radius, generally the smallest dimension is chosen). A large Biot number 
signifies that the temperature of the product surface is equal to the external 
temperature of the heating or cooling medium (Chap. 11). 

j ch for a conduction heating product is theoretically equal to 2.04, and 
is virtually unaffected by the container size. However, values other than the 
theoretical values are frequently encountered in practice. As shown earlier 
in Eq. (13.4), the j ch value is derived by dividing T r - T pih by T r - T ih . The 
retort and initial product temperatures are preset. The T is determined 
by the point of intersection of the linear semilog line at the adjusted zero 
time (0.58 x CUT). Thus, as the f h varies, so will the T pih , while the other 
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factors remain the same. Thus, the j ch values do not depict the shapes or 
the slopes of the curves, but represent an intercept, or distance the curves 
are from zero time and hence the term lag. j ch values are theoretically 
influenced by the nature of the come-up and for heated containers of food 
should be no less than 1.00 and no greater than 2.04 under conditions of 
convection or conduction heating. Heat penetration studies frequently yield 
j ch values higher and lower than the theoretical values. An example of this 
can be seen in the results listed in Table 13.4. 

In batch retorts the CUT is never zero as there is always a time period 
for the retort temperature to come up to the desired process temperature. 
However, in some continuous retorts that are brought up to the process 
temperature prior to the introduction of product, the CUT is almost 
instantaneous. A positive CUT can lead to the determination of distorted 
heating factors as the j ch value is not an input; rather it is representative of 
a lag in the resulting semi-log plot of the temperature response that follows 
an instantaneous step change in the boundary temperature. The theoretical 
j ch is not derived to compensate for a CUT. The 42% CUT correction 
factor (Ball, 1923) is employed to compensate for heating that occurs during 
the CUT when using the Ball formula to calculate the sterilization value or 
time. The correction basically relates only to the CUT and does not address 
the nature of the temperature history during this time (i.e., exponential, 
ramp, or step-type temperature rise), as shown by Manson (1991) in Chapter 
11. Many workers (including Alstrand and Benjamin, 1949; Berry, 1983; 
Ramaswamy and Tung, 1986) have reported that the 42% correction often 
over- or undercompensates for the heat delivered during the CUT when the 
process is evaluated by the general method. Since the CUT is critical to the 
determination of T pih and the j ch , erroneous correction factors will result in 
inaccurate j h values. Unusually low or high j values are quite often due to 
inaccurate CUT corrections. 

Ball and Olson (1953) demonstrated that nonuniformity of the 
temperature during the CUT affects the resulting j ch value in a manner 
shown in the following equation: 

T -T 

j = 1.27 + 0.77 ^ 

T r -T, 

where T r — heating medium temperature, T- = cold spot initial temperature, 
and T w = temperature of container wall just before heating begins. This is 
one of many factors that often cause the j ch value determined for conduction 
heating foods in cylindrical containers to not equal the theoretical value of 
2.04. The j ch values for convection heating products, theoretically equal to 
1.00, are affected in a similar manner. 

It is assumed that the j ch is not affected, changes in the f h can be 
defined by: 
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A = 2-303 


P Cp 



R 2 H 


(13.6) 


where n R and are constant and equal to 2.4048 and 1.5708, respectively. 

For a parallelepiped or rectangular container having dimensions 
designated by 2H x 2L x 2W, then \l h = p L = = 1.5708. 


/ 


/. =2.303 


P Cp 


2 2 2 

Mw Ml Mif 

- 4 -- 4 -- 


// 




(13.7) 


In the comparison of two f h values (i.e., known and unknown) the expression 
for a cylindrical can becomes: 


A. -/i 


2 2 

Mk Mw 

- 4 - - 


*■ "i 

2 2 
M* + M// 


H 


(13.8) 


and that for a parallelepiped container: 


/ 


A =A 


i_ + J_ + 


l 


Hf L\ W 


1 1 


1 


// 




(13.9) 


As an example, take the case of a product whose f h is 36.25 in a 208 x 208 
round can. What would be the of the product in a 300 x 409 can? 
Substituting the respective values into Eq. (13.8): 

For the 208 x 208 can, = 1.188 in. and H x = 2.25 in. 

For the 300 x 409 can, R 2 = 1.438 in. and H 2 = 4.313 in. 


A = 36.25 


(( 2.4048 

1 1.188 

2 

4 - 

f 1.5708 > 
. 2.25 , 

2 ' 

2.4048 

ll 1-438 

2 

4 - 

' 1.5708 
, 4.313 , 

2 


=56.74 min 


It is important to note that the preceding formulas should only be 
applied to containers that have a regular geometric shape (i.e., cylindrical or 
parallelepiped), and should not be used for pyramid, or tapered containers. 
However, they can be combined and used when there is a change of 
container type, such as a cylindrical to a parallelepiped, by substituting the 
appropriate container dimensions into the following equation: 


A, A 


\ 

M* 

2 

1 1 

4 - 

M W; 

*. 2 H? 

1 

.1.1 

Hi 

L] £ 


(13.10) 
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Table 13.5. Cool Corrections to be Added to Process Times Calculated by 

the Formula Method 


Jar Size 

Dimensions 

Cool Correction to be Added— 

% of Calculated Process Time 
(m + g = 130°F) 

Baby 

200 x 309 

2.0 

Junior 

208 x 401 

3.0 

No. 303 

303 x 411 

4.0 

No. 2-1/2 

401 x 414 

5.0 


Source : NFPA, 1968. 


The foregoing equations were derived from the same theoretical basis 
as that used by Stumbo (1973), and they basically follow the same format. 
However, a comparison will reveal that the numerical constants are quite 
different, although calculations carried out by each produce the same result. 

The same process calculations can be used for glass jars. However, 
since some products in glass jars may cool more rapidly than they do in cans, 
because the turbulence that can occur during cooling of convection heating 
products, the process times may have to be increased in compensation. 
However, before any compensation is undertaken, the cooling should be 
validated by a properly designed heat penetration study as discussed in 
Chapter 12. Recommended correction factors to be applied to the process 
times for some of the more common glass sizes used in the North American 
market are given in Table 13.5. 

13.3.2 Changing the Container Type 

Changing the container type will result in a change in the heat transfer 
coefficient h . In Chapter 11 it was shown that: 

(1 !h g ) = (1 /hi) + (1 Jh) 

where hi is the heat transfer coefficient for the neating medium (or cooling), 
h is that for the packaging (i.e., container). 

Also 1 !h p = (kp/ep) 

where e is the thickness and k the thermal conductivity of the container 
material. If the container material is made from a number of (separate) 
materials, then 

Vh p = T,(ejkj) 

In addition, for the values for j and it is absolutely imperative that 
the volumetric thermal capacity of the product in the container be known. 
In effect, with this characteristic and the when j value is known, the 
coefficients fi can be derived and the value for k derived from the expression 
for f h . 
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The Biot number is calculated at the same time as the coefficients /x. 
Thus, it can be deduced: 

h gl = Bi x k(l/R) or (1 /H) 

according to the case, and for a change in the container materials: 

(i/V) = (V h gi) ■ ( llh P i )+ ( 1/h P o (li.u) 

It is possible to determine experimentally the values for or h p by 
substituting a solid block of known conductivity that has the same 
dimensions and contains a temperature sensing device at the geometric 
center for a container in the retort. The parameters j ch and f h for the block 
are then determined from which A, also equal to A /? is calculated. 

The measurement of j ch for tne canned food subsequently gives the 
value for h gy and: 

(1 !h p can) = (1 /h g can) - (1 /h g block) (13.12) 

This method only permits the determination of the size order for the 
coefficients as it is based implicitly on the hypothesis that it is the shape of 
the container that determines Aj, whereas the nature of the wall plays a role 
no less important than the shape and the dimensions (i.e., surface effect). 
In addition, this hypothesis is in contradiction with the use made here of the 
values of the transfer coefficients for the change in size. 

In fact, any canner knows well that the objective of the formulas that we 
have proposed is only to assist in the finalization of the thermal schedule, 
which must always be validated experimentally. In addition, these formulas 
can be applied even when the heat transfers are not purely conductive. 

Factors for the conversion from cans to glass jars have been published 
(NFPA, 1968). Examples of these conversion factors are listed in Table 13.6. 

13.4 Changing the Process Temperature 

The first consideration is the effect, if any, moderate changes in process 
temperature ( T r ) will have on the j cc of the cooling curve. In general, the 
greater the value of g c , the greater the j cc will be. The problem is to 


Table 13.6. f h Coversion Factors — Cans to Jars 



Factor - (f h Jar^ Can) 


Heating Products 

Containers 

Convection Conduction 

Baby can (202 x 214) to baby jar (200 x 309 

Junior can (211 x 210) to junior jar (209 x 401) 

No. 2 can (307 x 409) to No. 303 jar (303 x 411) 
No. 2V2 can (401 x 411) to No. 2V2 jar (401 x 414) 

1.84 1.00 

2.48 1.17 

2.86 1.02 

2.84 1.14 
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determine the extent. The Olson and Jackson (1942) equation can be used 
for this purpose: 



1.27 + 0.77 


(T w ~T r ) 

(T w -W 


where T lc = T r - g c = temperature at the geometrical center of the can just 
before the start of cooling and T w is the cooling water temperature. For T r 
= 250°F and T w = 70°F, the effect of various values can be calculated 
from the preceding equation. For example: 

when g c = 0, T ic = 0, and j cc = 2.04, 
when g c = 5, T ic = 245, and j cc = 2.06 
for g c = 10, T ic = 240, and j cc = 2.09 
Thus, a reduced process temperature that could produce a 10F° 
decrease in the g c would have an insignificant effect on the j cc . In theory, 
uniform temperatures at the beginning of heating and cooling should 
produce about equal j c ^ and j cc as long as the CUT is very short and if the 
product does not boil at the start of cooling because of a rapid condensation 
of head space gases. For conduction heating products and when the CUT 
is appreciable, j cc will generally be considerably greater than j ch > if the j ch is 
computed after correcting for the CUT, but it will be about the same as the 
j ch computed before taking the CUT into account. 

The parameters j ch and f h are independent of the process temperature. 
Therefore, if T- h is constant, the heat penetration data obtained for one 
process temperature can be applied in the calculation for another process 
temperature, if it is assumed that the CUT is approximately the same. The 
only values that require change are the T r and, if it is different, the CUT. 

For an example, take a product having an f h = 36.25, j ch = 0.55, T ih = 
75.4°F when processed at 240°F. Assume that j cc = j ch . The target 
minimum is Fq = 8.00. The problem is to predict the effect on the process 
time ( B ) of a change in the process temperature from 240°F to 250°F. The 
calculations are summarized in Table 13.7. An increase in the process 
temperature to 250°F should permit the process time to be reduced from 75 
to 49 minutes. 


13.5 Changing the Initial Temperature (T ih ) 

In the previous example, the T- lh was 75.4°F, a temperature considerably 
lower than what would be used in production. Under production conditions, 
for this product, it is reasonable to expect an initial product temperature of 
not lower than 120°F. What would be the effect on: (1) The sterilization 
value if the process time remains the same; and (2) What reduction in 
process time could result if the sterilization value is to remain constant? 
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Table 13.7. Calculations that Predict Efffect of a Change in Process 
Temperature 


Steps 

Case #1 

Case #2 

T r 

240F 

250F 

T ih 

75.4F 

75.4F 

)ch 

0.55 

0.55 


36.25 

36.25 

II 

1 

> 

164.6 

174.6 

JcfJh 

90.53 

96.03 

Fi 

3.594 

1.00 

To 

8.00 

8.00 

$ 

II 

28.75 

8.00 


1.261 

4.531 

g c (Tables, z = 18, j cc = 0.6) 

0.762 

4.34 

B = Mog(J ch I h ) - log (g c )) 

75.2 

48.8 


By increasing the T ih to 120°F, the J c iJh decreases to 66 and: 
log g c = log 66 -75.2/36.25 = -0.2549 
g c = 0.555 
f h IU c = 1.01 
U c = 35.89 

F 0 = UJF i = 35.89/3.594 = 10.0 min 

The sterilisation value would increase to 10.0 min if processed at the same 
temperature and time. To maintain F 0 = 8.00, the process time ( B ) should 
be reduced to: 

B = 36.25[log (66) - log(0.555)] = 70.2 min. 

13.6 The Personal Computer (PC) and Software for Thermal Process 
Calculations 

The use of spreadsheet programs (e.g., Lotus 123, Quattro, etc.) was 
previously mentioned in this connection. While most modern data loggers 
can record the data from a number of TMDs and give cumulative 
sterilization values, few can perform the various calculations required by the 
formula method discussed in the preceding sections. However, the data they 
accumulate can be electronically exported to a PC directly into a spreadsheet 
program or other software for carrying out the various calculations and 
manipulations as required (Chap. 12). Having the data organized into a 
spreadsheet permits them to be scanned quickly for any inconsistencies, 
skips, and so on, which is a very important first step. Linear regression 
analysis can be carried out quickly between the time points selected from 
which the best straight line to fit the data is obtained. The linear equation 
that results gives the temperature ordinate intercept and the slope. 
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Extrapolation of the straight line to the temperature coordinate and the 
adjusted time zero will give the T pih and the reciprocal of the slope the f h . 
The j ch value can be calculated easily. These calculations are entered as 
formulas, and can be repeated for each test unit. The calculations are 
accurate and quick so that a large number of test units (e.g., 30) can be 
completed in very little time. The regression analysis also gives standard 
errors for the coefficients from which confidence levels can be developed. 
The correlation value is a good measure of the agreement of the straight line 
with the data. The spreadsheet can also be programmed to compute the 
lethal rate and accumulated lethality (i.e., sterilization value). However, 
when the formula method is to be used, tables for the respective f h /U and 
g or log g values must be consulted. 

Various ingenious workers in the field of thermal processing have 
developed specific software for doing both the initial calculations as well as 
manipulation of the data, and they are easily loaded into a PC. However, 
one word of caution, which applies to this type of software as well as to the 
application of spreadsheet programs—garbage in, garbage out. The data 
must truly represent the heating of the food under study. The software must 
be used with knowledge. It is not a simple matter of entering in the data 
and information as requested. The user should have a thorough 
understanding of how foods heat and the implications of the calculations 
necessary to derive the various values that will result. 

The following are some examples of this type of software that is 
available, user friendly, and versatile. 

1. TPRO — Thermal Process Profile Program, J. P. Norback and C. E. 
Johnson 

• Ball model and general method, 

• prepares graphics and reports, 

• permits predictions for changes in process temperature, initial product 
temperature. 

2. CALSoft, Technical, Inc., 250 Plauche Street, New Orleans, LA, 70123, 
USA 

• Ball model and general method, 

• input data directly or import from data logger or spreadsheet, 

• plots heat penetration data, develops heat penetration parameters and 
manual electronic manipulation of the best straight line, 

• prepares reports 

• permits predictions for changes in process temperature, initial product 
temperature. 

3. TP, Brendan McHugh, P.O. Box 218, Grand Bay, N.B., EOG 1W0, 
Canada 

• Ball model and general method, 
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• input data directly or import from spreadsheet, 

• plots heat penetration data, develops parameters and permits manual 
electronic manipulation of the best straight line for closest fit, 

• prepares reports, 

• permits predictions for changes in process temperature, intial product 
temperature. 

4. NUMERICAL, Technical Inc., 250 Plauche Street, New Orleans, LA, 

70123, USA, and Ctemp, Campden and Chorleywood Food Research 

Association, Chipping Campden, Glos. GL556LO, U.K. 

• finite differences numerical model, 

• requires input of j ch ; cc , and f c values, 

• simulates slowest heating zone product temperatures under constant 
or variable process temperature conditions, 

• permits predictions of effects of process temperature change, initial 
product temperature changes, 

• sums lethality with time, general method. 

13.7 Process Verification and Validation 

While the various methods discussed in the preceding sections for predicting 
the effects of various changes in the processing conditions have stood the 
test of time, they should always be verified by further testing. This of course 
requires further heat penetration tests under the revised condtions, whether 
it is a change in the process temperature, initial product temperature, or 
container type or size, and verification of the heat penetration parameters, 
sterilization values, and process times. The preferred method for verification 
of the sterilization value is the general method. Verification should not 
require the extensive number of test units and run replications used in the 
original heat penetration study. The number of test units can usually be 
reduced to three, placed in the same slow heating zone of the retort, and 
consist of the worst case. However, if the results do not fall within the 
tolerance established by the original study, then more extensive testing will 
be required. 

It is a fact of life that all things are subject to change. Products change 
and so can process conditions and equipment. A wise canner will validate 
each processs for each product and container size and type at least annually. 
Processes for seasonal products should be validated at the beginning of each 
season as the new crop arrives and at any time when it is suspected that 
there have been changes in the raw products that may affect the thermal 
process. A limited heat penetration study is again required as for the 
verification and the sterilization values validated by the general method. 
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Condensate 


Figure 13.5. Simple feedback control system for controlling vessel temperature 
(Scott, 1993). 

13.8 Process Control 

To ensure canned food safety and to optimize the organoleptic and 
nutritional quality, it is essential that the thermal process be rigidly 
controlled every time it is used. Control is accomplished by measuring the 
variable to be controlled (i.e., controlled variable), comparing it with the 
desired value (i.e., set point) and adjusting some related variable (i.e., 
manipulated variable) that directly affects the controlled variable to maintain 
the set point. For a control system to operate automatically and efficiently, 
a steady state and dynamic relationship between the particular variables 
involved must be attained. A simple control system or loop for regulating 
retort temperatures (i.e., the controlled variable) to a desired value (i.e., set 
point) is by controlling the flow of steam into the vessel (i.e., manipulated 
variable) as shown in Figure 13.5. The heating/cooling media temperature 
is measured by a TMD (i.e., temperature measuring device such as a 
thermocouple, resistance thermometer, thermistor, etc.) whose output is fed 
into the control mechanism that compares this value ( B ) with the desired 
value (R) to produce an output signal €, where: 

€ = R-B 

In response, the controller produces an output, which is a function of the 
magnitude of this difference, which is fed into a control valve in the steam 







478 


FOOD CANNING TECHNOLOGY 


line such that the valve is opened or closed, depending upon the polarity and 
magnitude of the differential. Such a system may be used to conteract 
fluctuations in the vessel temperature due to extraneous causes such as 
fluctuations in steam supply pressure and also to control the temperature in 
the vessel to a new value by adjustment of the set point. Conventional 
temperature control of retorts is accomplished by temperature 
control/recording devices by which the process temperature is set and 
controlled for a preset time period. In addition, a continuous record of the 
temperature with time is provided. This type of instrument will be described 
in greater detail in Chapter 14. 

A simplified representation of such a control system is given in Figure 
13.6. Each component is represented by a block that denotes the 
relationship between the variable entering the block and the variable leaving. 
A control loop has five basic elements: 

• the process ( P ), 

• the measuring element (A/), 

• the comparator, 

• the controller (C), 

• the final control element (V). 

In a retort, the manipulated variable (Mv in Fig. 13.6) is the flow of steam. 
The load ( U) enters the loop at this point as changes in the load will affect 
the quantity of steam entering the system. The input to the process is the 
sum of both U and Afv. The process is the change in temperature in the 
retort and the controlled variable is the retort temperature. This type of 
control is called closed-loop or feedback and forms the basic concept behind 
many of the temperature control systems used in the food industry. 

This type of simple control system as used in the temperature 
controller/recorder devices has served the canning industry well and is quite 



Figure 13.6. Block diagram for the simple feedback control system for controlling 
vessel temperature (Scott, 1993). 
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capable of maintaining the desired process temperature under normal 
operating conditions. However, situations do arise in which sufficient steam 
cannot be supplied, either intermittently or contiuously, to maintain the 
required (preset) temperature and a process deviation results. While alarms 
can be added to signal that a deviation is occurring, corrective action 
requires switching to manual control. The question then arises as to what 
corrective action should be taken. Some of the more enlightened canners 
have established a set of operator guidelines as to what corrective action to 
take based on extensive heat penetration studies on the effect of various 
deviations. Such studies are expensive, time consuming, and require both 
knowledge and resources. Many canners do not have the resources. A 
solution to this problem is to have a control system that can detect even 
slight process deviations that might occur over very short time periods and 
take the required corrective action immediately without requiring the 
inception of manual control. Such a system would also be able to control 
processes involving multiple temperature steps in the heating phase or those 
that require a constant heating medium and product temperature 
differential. 

Control of the product temperature is the critical factor. There are two 
basic control systems for this. One involves monitoring the product 
temperature and adjusting the heating/cooling medium temperature to attain 
and maintain the desired product temperature. The other consists of 
controlling only the heating/cooling medium temperature and assuming that 
the product temperature will follow the course defined by prior heat 
penetration studies. The former does permit real-time adjustment of either 
the heating/cooling media temperatures or the process time to account for 
any wanted or unwanted deviations. The product temperatures can be 
transformed into lethal rates and the cumulative lethality calculated in real 
time to provide the real process end-point. 

Packaged product temperature during processing is measured by placing 
a suitable TMD at the slowest heating point within the container. The 
output from the sensors is fed into the sterility/quality model where a real¬ 
time prediction of the status can be derived. This approach requires no 
prior knowledge of the mode of heat transfer or the physical and thermal 
properties of the product, and can rely on the accuracy of the direct 
measurement. However, it does require the preparation of test units for 
installation in each retort load at the point of slowest heating. The 
placement of the test units in the retort load and manipulation of the leads 
can cause delays in the retort schedule that can be costly in reduced 
productivity. Test units also exhibit variable heat penetration parameters, 
as shown earlier; hence, processes will vary when based on the test units. 
Direct measurement is difficult, if not impossible, in the case of continuous 
retorts. The sensor system must be calibrated frequently. 
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Prediction of the product temperature from the heating/cooling media 
temperature is the preferred approach; however, this requires a model that 
can accurately describe the transient flow of heat into the product. Various 
techniques for doing this were reviewed in Chapter 11. The two modes of 
heat transfer involved in food canning are convection and conduction. The 
physical mechanisms governing these procedures were reviewed in Chapter 
11. In practice, only conduction heating is considered in modeling heat 
tranfer into food containers, although the models developed appear to 
operate equally as well in the case of convection heating foods (Chap. 11). 
The differential equations that describe the flow of heat by conduction into 
cylinders or rectangular containers are given in Chapter 11, as is then- 
solution by finite differences. The advantage of this approach is that it does 
not require the installation of test units for measuring the product 
temperature and both batch and continuous process may be modeled and 
controlled. There are, however, distinct disadvantages. The mode of heat 
transfer must be known along with all the relevant thermal and physical 
properties for each different product in each different container geometry 
and type for the particular thermal processing system. As shown earlier in 
this chapter, the properties, especially the thermal properties as revealed by 
the measured heat penetration parameters, are not consistent within a batch 
of food; hence, the selection of those that represent the worst case (i.e., 
slowest heating) is problematic. In addition, any known change in the 
product formulation, container type or geometry, or heating/cooling media 
would require more heat penetration work to be carried out to determine 
the effect of such changes. While the predictions of changes of the 
container size and type described earlier in this chapter may be used as a 
guide, they still must be confirmed by further heat penetration tests. Finally, 
the accuracy of the prediction is only as good as the model and the data fed 
into it. 

Where product temperature is to be predicted, the measured variable 
will be that of the temperature of the heating/cooling media and the model 
will actually consist of two models. The first will predict the heat 
penetration into the container from the processing vessel temperature, which 
is passed onto the second model for transforming the temperature data to 
the sterility/quality values and deriving the integrated sterility and/or cook 
values. A model to be used for real-time control of a process must be able 
to: 


• calculate control values at discrete time intervals throughout the process 
such that the time step is small enough to track any fluctuations in 
processing conditions, 

• calculate control values in real time. 

The first examples of model-based control systems were analogue based. 
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However, with the development of microcomputers that were powerful 
enough to fulfill the requirement of carrying out the necessary calculations 
such that the results are attained in real time became available, the models 
were switched to digital control. Bown (1982, 1983, 1985) developed a 
digital computerized model-based control system that used an Analog 
Devices MACSYM 2 computer running a multitasking verison of BASIC. 
Computer routines were developed to regulate the process (based on PID 
control) and for modeling the heat penetration into the product based on 
the finite difference solution to heat flow by conduction into the food. Later 
work saw the implementation of a similar system to control 24 retorts for 
Hillsdown Ltd. in the United Kingdom. Process control was based upon 
predicting the change in the product center temperature in a finite cylinder 
from which the integrated lethality (F Q ) was calculated. When a 
predetermined lethality was achieved, cooling was initiated. This is 
sometimes referred to as derived-value control. While satisfactory, the 
contribution of the cooling phase to the final F Q was not taken into account. 
It would be more accurate to control the process based on the total F Q 
including the cooling. This would require a prediction of the cooling phase 
contribution prior to the start of the cooling. This method of control is 
often termed feedforward control. 

Various methods have been suggested for the prediction of the 
contribution of the cooling phase to the overall F Q . Gill et al. (1986) 
proposed two methods. In one, the contribution of the heating phase was 
calculated using a polynomial approximation developed by Vinters et al. 
(1975) as a function of the temperature difference between the retort and 
product temperatures (G), which was then expressed as a fraction of the 
total lethality derived by application of the general method to prior heat 
penetration studies. Feedforward control was achieved by dividing the 
integrated lethality developed as the process proceded by the fraction of the 
total lethality contributed by the heating phase. When this ratio equals the 
target sterilization value, the heating phase is stopped and cooling started. 
A second approach used a finite element analysis to predict the relationship 
between the heating phase contribution and g. Again, feedforward control 
was obtained by making the same comparison as before. Both approaches 
were compared with the Ball formula method for accuracy and safety. Later, 
Gill (1989), who assumed that the product cooled by conduction and that the 
cooling water was at a constant temperature, employed a finite difference 
approach to predict the cooling contribution. A simple block feedforward 
scheme is shown in Figure 13.7. 

Regardless of the approach to modeling the process that is used, the 
overall control functions are similar. All are concerned with the thermal 
processing of prepackaged products in batch retorts. The models function 
in a supervisory capacity. The main control of processing conditions is 
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Figure 13.7. General block diagram for a model-based feedforward control loop 
(Scott, 1993). 

obtained by simple feedback temperature and pressure control loops. The 
model-based control action only occurs when a certain condition has been 
satified and only happens once. The lethality is usually monitored during 
the heating stage until it has reached a predetermined value, at which point 
cooling is started. The models used as the basis for control action are of a 
simple nature as they only deal with one input variable (i.e., retort 
temperature) and one output variable (i.e., lethality). 

Scott (1991) designed a computer program for the application of a finite 
difference model to a dynamic computer simulation of a batch retorting 
process. The finite difference approximation for the conduction of heat into 
a cylinder of food was coded in FORTRAN 77 on a VAX system, which was 
eventually to be run on a PC that will support HELIOS FORTRAN, an 
operating system for the management of transputer chips used in a parallel 
processing environment. The overall program transferred control between 
the subroutines. Initiation of the system required the input of the can 
diameter and height, thermal diffusivity, and conductivity of the contents, 
initial can temperature, the number of radial nodes to be used by the model, 
and the time interval at which the process temperatures are to be supplied 
by direct keyboard entry or import from a data file. In addition, surface 
heat transfer coefficients and the time at which they should be applied could 
be input for consideration by the model. The time/temperature profile of 
the retort is measured on a real-time basis and sent to the model. The 
model transforms the incoming retort temperatures to container 
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temperatures and predicts the sterilization value (F Q ) at the can center. 
Finally, a data file is produced that can be printed in the form of a report 
and the data exported to a spreadsheet program such as Lotus Symphony. 

TechniCAL (Park, 1993) in the United States designs and installs 
computerized retort control systems based upon finite difference models. As 
of 1993 they have 40 installations in seven different countries to their credit. 
Their system is based on a distributed type of control in which there is a 
processor control for each retort linked to a host computer, but each can 
operate independently. The host computer contains all process-and-product 
related data as well as the programs for operating the process controllers 
and hence the individual processes. At sign-on these details are downloaded 
to the individual controllers to carry out the process. The host computer 
communicates with the controllers via a series of up to four multiplexers, 
each of which can communicate with 16 controllers. 

For on-line control of thermal processing of foods, the objective is to 
meet the preset F 0 , which is achieved during the heating and cooling phases. 
The cooling phase contribution is important, especially with conduction 
heating foods. The control variables are temperature and time for batch 
static retorts. Once cooling begins it is difficult to control and predict its 
lethality contributions, as discussed earlier. A numerical model, in this case 
NumeriCAL (Chap. 11) based on the finite difference approach, can 
effectively control the heating phase and time, even in the case of 
temperature deviations. 

At startup, the input data are checked against the product, container, 
and retort specifications. If they agree, then the process is started and the 
heating medium enters the retort. The controller regulates the vent, if 
required, and or come-up ramp to the required process temperature. The 
numerical model reads the retort temperature at the time interval A/ and 
then simulates the product temperature at the designated slow heating zone 
(SHZ) from which the total simulated lethality is calculated up to that time 
interval. The model also takes into account the the lethality that will be 
contributed by the cooling phase (feedforward control). If the lethality 
accumulated in the heating phase plus lethality simulated for cooling phase 
is less than the required lethality for the process, then the numerical model 
will allow the controller to continue the heating phase. The heating phase 
is stopped and cooling started when the accumulated lethality during the 
heating plus that from the simulated cooling phase is equal to the required 
F q . The controller opens the water valve and air valves in the case of 
pressure cooling and performs any other necessary operations. The 
numerical model continues to read the retort temperature during the cooling 
phase at the fastest cooling location at the same time intervals as for the 
heating phase. It also continues to simulate the product temperature and 
to calculate the cumulative F 0 , only without the proportion added to 
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simulate the cooling effect during the heating phase. The retort 
temperature, simulated product temperature, and F Q profiles are recorded. 

The core of the on-line control for thermal processing of foods is the 
numerical model. The computerized retort control of the process is equally 
important. The control program, LOG-TECH™, has been designed to 
work with the numerical program. The LOG-TECH controller can 
automatically perform a sequence of retort operations (defined in PSL 
programs) with the ability to correct any retort temperature deviation that 
uses the numerical program. 

While the numerical models can accurately predict the effect on product 
heating by deviations in the heating medium temperature in static batch 
retorts, the problem is not so straightforward in the case of continuous 
retorts. Dobie, Tucker, and Williams (1994) used a finite difference model 
(CTemp) to assess the effects of process deviations in reel and spiral retorts. 
When there was no temperature deviation during the process, the model 
predicted the product temperature and the sterility value very closely to that 
derived by simultaneous heat penetration studies. However, the prediction 
of both product temperature and the contribution to the sterilization value 
by the cooling phase was greater than that actually observed. This 
discrepancy has been reported by other workers (Chap. 11) and can be 
compensated for by the use of a feedforward type of control in the 
automated computerized control of the thermal process. When temperature 
deviations were introduced, the difference in the predicted to actual F Q 
increased to ±28%. Their results showed that the position in the process 
time of a can suffering a process deviation can affect the final process 
lethality. Reel and spiral retorts are instrumented so that when the process 
temperature falls below a preset level, the rotation stops and is not started 
again until the temperature has been restored to the required level. Thus, 
in the case of a temperature drop, the process time is automtically increased 
to compensate and can give rise to overprocessing. When the deviation 
occurs at the start of the process, the product temperature is considerably 
lower than the heating medium and the rate of heating is reduced as the 
temperature differential is reduced. The greater the deviation, the greater 
the effect. When it occurs in midprocess, the product-heating medium 
temperature differential is still reasonably high and the heating rate is 
reduced correspondingly. When the deviation occurs at the end of the 
heating phase, the product temperature can be higher than the reduced 
medium temperature, but the differential is slight and the effect is negligible. 
The lack of agitation of the cans during the deviation, which has a profound 
effect on the heat transfer to the food product in reel and spiral systems 
(i.e., forced convection), will cause the heat transfer to or from the cans to 
be lower during the stoppage. This tends to give a lower final process 
lethality if the can center temperature is below that of the deviation than if 
it is higher. However, when the temperature recovery time is added to the 
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process time, the final lethalities are significantly higher than are those in 
which no deviation occurred. Thus, in a continuous agitating retort, 
modelling for temperature deviations can be difficult as the accumulated 
lethality will differ depending upon the position of each container in the 
chain at the time the deviation occurs. Corrective action by extension of the 
process time may not produce the same final sterilization value for all cans 
in the retort at the time. 

Scott et al. (1994) found that when applying numerical modeling to the 
control of hydrostatic retorts it was not sufficient to base the model on just 
one container as, at any point in time, there are containers within a number 
of different process environments, each of which has a different processing 
history. To simulate such a process adequately, it is necessary to model the 
heat penetration into a number of containers simultaneously. The problem 
is to find the number of containers and their relative position in the process 
in order to have a complete representation of the whole process at any time. 

A hydrostatic cooker is a continuous retort system that comprises four 
sections: the preheat leg, the steam chamber, the precool leg, and the 
cooling section, with a continuous belt carrying the containers as they pass 
through each section in succession. The minimum number of containers to 
be representative would be at least one in each section. The simplest way 
of ensuring this is to view the cooker in terms of the belt length in each 
section. As the belt lengths in each section can be assumed to be constant, 
they can be considered to be independent of the deviations in the process 
conditions. It can also be assumed that there is a direct transfer of 
containers from one section to the next and that they are not exposed to 
environmental conditions other than those prevelent in each section. The 
minimum number of containers at any point in time required to be modeled, 
N ct was calculated using: 

N c = ( Lj/L m + 0.5) + 1 (expressed in whole numbers) 
where L 2 is the total belt length, and L m is the minimum sectional belt 
length. Therefore, the heat penetration in N c cans was modeled as they 
traveled through the cooker. Each time a can left the cooker with its 
processing history complete, another can entered the cooker, thereby 
ensuring that N c cans were always in the cooker being modeled. The 
hydrostatic cooker model (Scott, 1992) was developed such that it could 
handle time-dependent variations in both carrier belt speed and environment 
temperature in each section of the cooker; This was achieved by supplying 
these data in real time. The hydrostat model was validated against two 
experimental data sets, the first for 5% starch and the second for baked 
beans in tomato sauce in the same type and size of can. The match between 
the experimental and the predicted for the 5% starch was very good, 
whereas that for the baked beans was not. The reason for this was due to 
the effect of can rotation at the top or bottom of each leg, causing the 
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contents of the can to mix, resulting in a sudden increase in the center 
temperature. The finite difference model only predicted heat penetration 
into static products because of the rigid gridwork of nodes. This event had 
not been taken into account in the earlier models. To compensate for the 
mixing effect, two methods were compared. In one, a volume average 
temperature was calculated in a portion of the container near the geometric 
center based on temperatures predicted by the finite difference model. In 
the other, the volume average temperature was calculated in each of the 
radial strips of a number of nodes in a radial direction indicated again by 
using the finite difference routine. Subroutines were developed for the 
introduction of these into the model. It was demonstrated that either of 
these routines improved the accuracy of the prediction achieved by the 
model (Fig. 13.8). 

While computerized control of a batch thermal process in static retorts 
via predictive modeling of the product temperature is a reality, that for 
continuous retorts cannot be far behind. The probable solution for 
continuous retorts lies in calculating the effect immediately on the product 
lethality and extending the process time accordinlgy, not in stopping the 
rotation or agitation upon a heating or cooling medium temperature 
deviation. This is not as simple as stated because it would require slowing 
down the belt speed, which would also affect the product agitation and 
hence the heat penetration. 



Tim© (min.) 
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Figure 13.8. Comparison of experimental data and mathematical model predictions 
(utilizing the volume average routines to account for the effect of container rotation) 
of the time-temperature profiles for a can of baked beans in tomato sauce processed 
in a hydrostatic cooker (Scott et al., 1990). 
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14 

THERMAL PROCESSING 
EQUIPMENT AND SYSTEMS 


14.1 INTRODUCTION 

The development of the thermal processing equipment and systems has been 
inspired by the following: 

• a need to process products, especially low-acid foods, at temperatures 
above the boiling point of water; 

• more uniform processing temperature; 

• more precise control of the process time and temperature; 

• over pressures using compressed air to compensate for the increased 
pressure within semirigid containers due to the higher temperature and 
the container constraints; 

• the search for heating media that will assure the efficient and rapid heat 
penetration into the product; 

• product agitation to improve the heat penetration and avoid localized 
overcooking or decantation. 

Fastier (1839) patented a procedure in France that employed aqueous 
salt, sugar, and calcium chloride solutions to raise the boiling point of the 
heating media to 115°C for processing product in metal cans. During the 
heating, a vent hole was left open in the cans that was closed by soldering 
at the end of the process. Essentially the same process was patented by 
Winslow in 1862 in the United States, although the process was being used 
by Solomon in Baltimore as early as 1861. Pressure processing in steam as 
we know it today had to wait until Raymond Chevalier-Appert patented the 
first special manometer to control steam pressure inside a pressure vessel in 
1852. This invention, one of which resides at the Institut Appert in Paris, 
did much to counter the fears concerning the use of steam under pressure 
to attain a process temperature >100°C. Almost 30 years later, in 1874, 
Schiver in Baltimore reinvented the controllable retort. Prior to the use of 
steam generators or boilers, steam was produced in the vessels by fires under 
the vessel. It is interesting to note that the sterilization time and hence the 
value was determined by the number, type, and size of the wood used in the 
fires. These were closely held industrial secrets. With the advent of 
pressure boilers to supply the steam, the use of steam retorts became the 
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norm. Development was then directed to better control, greater 
productivity, and diversity. In 1950, Continental Can Company patented 
their continuous agitating retorts, and in 1955 the Carvallo or hydrostatic 
retorting system was introduced into France. The Flash-18 system was 
introduced about the same time. The Steriflame (Beauvais et al.) and the 
Hydrolock (Beauvais) appeared in 1961. This was followed by the 
STERIVAC process (Beauvais and Thomas) in 1971 and the VATECH 
process in 1986. 

14.1.1 Controls 

In the early primitive retorts the required temperature was maintained by 
manually turning the steam valve on or off. An alternative was to set the 
pressure release valve to a pressure consistent with the required temperature 
and to leave the steam valve open so that the release valve is constantly 
bleeding steam to maintain the required pressure and hence temperature. 
In addition to being time consuming, the former method required 
considerable dexterity of the part of the retort operator to maintain the 
temperature and/or pressure as well as to minimize fluctuations. Control of 
the process temperature in this manner was prone to over- and 
underprocessing. The advent of the simple temperature/time controller and 
recorder was a considerable advance and remains as the most common form 
of control today. To increase the versatility of the process, automated 
controls were introduced that involved precut templates that activated the 
opening and closing of steam and water valves via gears as well as the 
process time controlled by the speed by which the templates were passed 
through. This was replaced by programmed magnetized cards passed 
through a magnetic head reader, much like our credit cards today. The 
trend has been toward automated control through computers (Chap. 13) that 
are designed to: 

• contain the process parameters to be applied to the product in a memory 
file; 

• control of temperature either by monitoring directly the product 
temperature or by models that use the retort temperature; 

• control the pressure by a strain gauge or pressure transmitter with which 
it is possible to program the number and the value of pressure stages to 
be executed during the thermal cycle at a sensitivity from 0.05 to 0.1 bar; 

• regulation of the water level for those processes that use water as the 
heating medium generally by water contact gauge or level probes; 

• provide a real-time numerical display on a screen, with an eventual 
printed output of the parameters such as time, temperature, and pressure, 
as well as the total process time, quantity of product, date/time, product 
code(s), and so on. 
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Every thermal processing system should have certain control equipment 
properly installed and operating. 

14.1.1.1 Indicating Reference Temperature Measuring Device (TMD) 

Each retort, product sterilizer, or pasteurizer should be equipped with at 
least one accurate and reliable TMD. While the mercury-in-glass (MIG) 
thermometer is still recognized as the most reliable temperature-indicating 
instrument, other instruments such as thermocouples, platinum resistance 
temperature devices, and thermistors that have equal accuracy, precision, 
and reliability may be used subject to the approval of the agency that has 
jurisdiction. The MIG thermometer should have divisions that are easily 
readable to 0.5C° (1F°) and whose scale does not contain more than 4 
C°/cm (17 F°/in.) of graduated scale. The other TMDs are usually 
instrumented to give digital temperature readings that should be accurate to 
at least 0.5C° (1F°). TMDs should be calibrated against a known accurate 
standard thermometer in steam or water as appropriate and in a similar 
aspect or position to that in which it is installed in the retort. This should 
be performed just prior to installation, and at least once a year thereafter, 
or more frequently as may be necessary to ensure their accuracy. A dated 
record of such tests should be kept. A TMD that deviates by more than 0.5 
C° (1 F°) from the standard thermometer reading should be replaced. A 
daily inspection of MIG thermometers should be made to detect and replace 
thermometers with divided mercury columns or other defects that may 
impede their accuracy. 

14.1.1.2 TemperaturefTime Recording Devices 

Each retort, product sterilizer, or pasteurizer should be equipped with at 
least one temperature/time recording device and may be combined with a 
steam controller (i.e., a temperature-controlling and recording 
instrument). When the recording is on a chart, it is important that the 
correct chart be used for each device and that it have a working scale of not 
more than 12 C°/cm (55 F°/in.) within the range of 10 C° (18 F°) of the 
sterilizing or process temperature. Some TMDs record the temperature at 
specified time intervals as digital printout. In such cases it is imperative that 
the time interval be as short as possible in order to register any temperature 
deviation no matter how short the duration. The recorder shall be calibrated 
so that the temperature indicated is not greater than the temperature of the 
indicating reference TMD. A means of preventing unauthorized changes in 
the adjustment should be provided. It is important that the chart or printout 
provide a permanent record of the thermal processing temperature in 
relation to time. The timing device should be accurate, reliable, and 
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checked as often as necessary to ensure that its accuracy and reliability is 
maintained. 

14.1.1.3 Pressure Gauge 

Each pressure vessel or retort should be equipped with an accurate and 
reliable pressure gauge. The gauge shall be set so as to read zero at the 
prevailing atmospheric pressure and have a range such that the safe working 
pressure of the retort is approximately two-thirds of the full scale and be 
graduated into divisions not greater than 14 kPa (2 psi). The gauge dial 
should be large enough to be easily and accurately read. The instrument 
may be connected to the retort by means of a gauge cock and syphon. This 
device can serve as a reference in cases where pressures are used in excess 
of that required to maintain the required temperature. 

14.1.1.4 Steam Controller 

Each retort, product sterilizer, or pasteurizer in which steam is the source 
of heat shall be equipped with a steam controller to maintain the desired 
temperature. This may be a recording-controlling instrument when 
combined with a recording thermometer. In the case of an automated 
control, the device should be provided with a manual override (bypass) for 
situations in which the automated device is not providing adequate control. 

14.1.1.5 Pressure Safety Valve 

Each retort shall be equipped with a pressure safety valve that has a capacity 
sufficient to prevent undesired increases in the retort pressure. Such valves 
shall be of a type and installed in a manner approved by the agency that has 
jurisdiction. If a retort is used only at atmospheric pressure, then a pressure 
safety valve may not be necessary as long as adequate measures are taken 
to prevent any inadvertent increase in pressure. 

14.1.1.6 Timing Devices 

Any timing device installed in the processing system to control or record the 
process time other than that described earlier should be checked to ensure 
accuracy as often as necessary. 

14.1.2 Counter Pressure 

The use of air pressures greater than that required to maintain the steam 
temperature for the process has increased the versatility of the retorting 
systems. This has become indispensable to avoid permanent container 
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deformations that can compromise or rupture the container hermetic seal 
during the thermal cycle, principally when the filling and sterilization 
conditions are restrictive. Overpressures should always be applied to cold- 
packed products sealed without adequate head space vacuum and processed 
at high sterilization temperatures, as well as for capped glass jars, semirigid 
containers, and flexible retortable pouches. 

The effect of these different factors is illustrated in Figure 14.1, in which 
the internal pressure developed in a rigid container filled with water was 
calculated and plotted for a range of fill or initial temperatures at a constant 
head space vacuum (600 mbar or 18 in. Hg and volume (9%). The 
calculation considered the thermal expansion of the water and the air in the 
head space from the initial to the final temperature. The head space 
pressure increases in relation to the initial temperature as the internal water 
temperature rises between 100 and 140°C. This demonstrates the need to 
have a counterpressure at the higher sterilization temperatures. 

The effect of a low head space vacuum of 30 mbar (1 in. Hg) on the 
internal pressures attained with the same initial temperatures, head space 
volume, and process temperatures as in Figure 14.1 is shown in Figure 14.2. 
As can be seen, the lack of an adequate head space vacuum in the container 
leads to very high internal pressures and potential destruction or rupture of 
the container. 

Figure 14.3 relates the head space volume to the development of internal 
pressure in a container with an initial temperature of 60°C and final 
temperatures varying from 110 to 140°C. It is evident that the head space 



Figure 14.1. Internal can pressure versus temperature: vacuum at closure 600 mbar 
(18 in. Hg) and head space of 9 % of can volume at initial product temperature 
(Vogel, 1991). 
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Final Temperature (°C) 


Figure 14.2. Internal can pressure versus temperature: vacuum at closure 30 mbar 
(1 in. Hg), head space 9% of can volume at initial product temperature (Vogel, 
1991). 

volume must be at least 8 % of the container volume in order to avoid 
significantly high internal pressures. 

14.1.3 Heating Media 

The media most frequently used are steam, water, and steam/air mixtures. 



% Head Space 


Figure 14.3. Internal can pressure versus head space volume: vacuum 600 mbar (18 
in. Hg) and initial temperature 60°C (140°F) (Vogel, 1991). 
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While steam produces the most rapid heating, it is generally restricted to 
heating rigid containers, particularly metal cans. Water has a greater 
thermal capacity and is often recommended for the more fragile containers 
(i.e., semirigid and flexible) or glass, which has a low thermal shock 
resistance. Water immersion or those in the form of a shower or spray is 
recommended when overpressure is an application requirement. Steam/air 
mixtures, linked with a precise regulation of the pressure and temperature, 
can be also used for all container types; however, its composition is critical 
with respect to the heat transfer coefficient (Fig. 14.4). Pumps in water 
systems and circulating fans in steam/air systems have been added to some 
retorts to improve the thermal exchange and the uniformity of the 
temperature by increasing the contact of the heating medium with each 
container in the loaded zone of the retort. 

14.1.4 Agitation (Forced Convection) 

Agitation of the product within the container is attained by axial or end- 
over-end rotation, which: 

• facilitates heat penetration (Chap. 11), 

• avoids the traces of caramelization that can be formed at the liquid 
interface (i.e., creams, soups, sauces). 

• disperses fats during cooling in pastes and some prepared entrees or 
dishes, 

• circumvents the problem of "crusting" of the product along the container 
walls when elevated sterilization temperatures are used. 

14.2 BATCH RETORTING SYSTEMS 

There are two basic types: 

• still or static retorts in which there is no movement of the containers 
during the heating and cooling, 



0.5 1.0 1.5 2.0 

Retort Gauge Pressure (kg/cm 2 ) 

Figure 14.4. Optimum operating range for steam/air retort (Jackson, J., Shinn, B., 
1979). 
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• rotary retorts where the containers are given different agitating 
movements according to their cage position. 

14.2.1 Still or Static Retorts 

This type of retort is formed from a cylindrical steel shell, which can be 
mounted vertically (i.e., vertical retorts) or horizontally (i.e., horizontal 
retorts) and is closed by a sealing, locking door. Some horizontal retorts 
have a door at either end, one for loading and the other for unloading to 
help avoid the possible mixing of processed and unprocessed product. The 
filled sealed containers are usually placed in crates or baskets that are 
loaded into the retort. (A notable exception is the crateless retort, in which 
no crates are employed.) The vertical retorts use cylindrical baskets that are 
lowered into and removed from the retort by electric hoists. The horizontal 
use boxlike baskets with wheels that can run on rails fixed to the bottom of 
the retort. 

The retort capacity, as determined by the number of crates it can hold, 
generally varies between 1 and 10, with 3 or 4 being most common. The 
number of containers that each crate can hold also varies according to the 
basket dimensions, size, shape, and type of container, and whether the 
product is scrambled or layered (i.e., with use of dividers). 

The retort cycle is generally described as follows: 

• open retort door, 

• load the baskets containing the filled sealed containers, 

• close the door, 

• commence thermal process cycle, come-up, holding period, cooling, 

• open the door, 

• remove baskets. 

14.2.1.1 Steam 

Bulb sheaths of the reference TMD and probes of temperature recording 
devices should be installed either within the retort shell or in external wells 
attached to the retort. External wells should be connected to the retort 
through at least a 19 mm (3/4 in.) diameter opening and should be equipped 
with an adequate (i.e., 1.6 mm or 1/16 in., or larger) bleeder opening so 
located as to provide a constant flow of steam past the length of the 
thermometer bulb or recorder probe. The bleeder for external wells should 
emit steam continuously during the entire thermal processing period. TMDs 
should be installed where they can be accurately and easily read. 

In addition to those controls described in Section 14.1.1, each retort 
should be equipped with the following. 

A steam inlet should be large enough to provide sufficient steam for 
proper operation of the retort, and shall enter at a suitable point (i.e., 
generally opposite) to facilitate air removal during venting. The steam 
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pressure in the lines to the retort is important if adequate temperature 
control is to be provided at all stages of the heating cycle. For a three- or 
four-crate vertical retort a minimum line steam pressure of 90 psi and an 
opening of 1 in. I.D. are suggested. For vertical retorts, the suggested 
minimum steam pressure varies with the length, 90 psi for 8 ft, 100 psi for 
8-15 ft, and 125 psi for over 15 ft. The recommended steam inlet size also 
varies from 1 in. to 1.5 and 2 in., respectively. 

A bottom crate support should be employed in vertical retorts so as not 
to affect substantially either venting or steam distribution. Baffle plates 
should not be used in the bottom of retorts. Centering guides should be 
installed in vertical retorts to ensure adequate clearance between the retort 
crate and the retort wall. 

Perforated steam spreaders, if used, should be checked regularly to 
ensure that they are not blocked or otherwise inoperative. Horizontal still 
retorts should be equipped with perforated steam spreaders that extend for 
the full length of the retort. In vertical still retorts perforated steam 
spreaders, if used, should be in the form of a cross or coil. The number of 
perforations in spreaders for both horizontal and vertical still retorts should 
be such that the total cross-sectional area of the perforations is equal to 1.5 
to 2 times the cross-sectional area of the smallest part of the steam inlet 
line. 

Bleeders for condensate removal should be at least 3 mm (1/8 in.) in 
diameter and be fully open during the entire thermal process, including the 
CUT. In retorts that have top steam inlet and bottom venting, a bleeder or 
other suitable device should be installed in the bottom of the retort to 
remove condensate continuously. All bleeders should be arranged in such 
a way that the operator can observe that they are functioning properly. 
Bleeders are not part of the venting system. 

Crates, trays, gondolas, dividers, and so forth for holding product 
containers should be constructed so that steam can adequately circulate 
around the containers during the venting, come-up, and sterilization stages. 

To ensure adequate uniform temperature distribution during thermal 
processing, it is essential that the residual air be exhausted (i.e., vented) 
from the retort by appropriate venting. Venting schedules should be 
established with correctly applied temperature distribution studies (Chap. 12) 
carried out by persons competent and experienced in thermal processing. 
Records of all studies shall be made and maintained. Once established, the 
venting schedule should be posted adjacent to the applicable equipment at 
the processor’s location. 

Vents should be installed in such a way that air is removed from the 
retort during CUT and before timing of the process is started. They should 
be controlled by gate, plug cock, or other adequate type valves, and they 
should be fully open to permit rapid discharge of air from the retort during 
the venting period. They should not be connected directly to a closed drain 
system. If the overflow line is used as a vent, then there should be an 
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Figure 14 . 5 . Vents and connections for horizontal retorts [adapted from the 
Recommended Canadian Code of Hygienic Practice for Low-Acid and Acidified 
Low-Acid Foods in Hermetically Sealed Containers (Canned Foods), 1990]. 

atmospheric break in the line before it connects to a closed drain. The vent 
should be located in that portion of the retort opposite the steam inlet (e.g., 
for bottom steam inlet locate vent in top portion). The total cross-sectional 
area of steam vent outlets should always be greater than the cross-sectional 
area of the steam inlet. 

When a retort manifold connects several vent pipes from horizontal 
single retorts, it should be controlled by a gate, plug cock, or other adequate 
type of valve. The retort manifold should be of a size such that the cross- 
sectional area of the pipe is larger than the total cross-sectional area of all 
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connecting vents. The discharge should not be connected directly to a 
closed drain without an atmospheric break. A manifold header that 
connects vents or manifolds from several still retorts should lead to the 
atmosphere. The manifold header should not be controlled by a valve and 
should be of a size such that the cross-sectional area is at least equal to the 
total cross-sectional area of all connecting retort manifold pipes from all 
retorts that could be venting simultaneously. 

l iming of the process time hold at temperature should not begin until 
the retort has been properly vented and the processing temperature has been 
reached. The following are some examples of venting schedules that have 
been found in practice to provide adequate air removal under normal 
circumstances for the systems noted. These are intended to serve as 
guidelines and should be verified prior to being put into continued use. 

The schedules described in the following examples require that the 
steam valve always be wide open. Using a steam controller to regulate the 
supply of steam before the vent temperature requirement has been reached 
invalidates the concept of venting. This is because the control valve will 
oscillate between fully open and fully closed (unless the retort controller is 
proportional). This means that the flow of steam will shut off intermittently 
during the vent. Manual throttling of the bypass reduces the flow of steam, 
but does not shut it off. If such throttling is required, temperature 
distribution studies should be undertaken to prove the vent effectiveness. 
When it is suggested that vent valves be wide open for at least 5 minutes and 
to at least 107°C (225°F), it means that timing commences when steam is 
turned on, and that if at the end of 5 minutes the temperature equals or 
exceeds 107°C (225°F), then the vent schedule has been satisfied. If these 
conditions have not been met, then venting has not been completed 
satisfactorily. The following examples are for retorts that contain baskets 
without dividers. If dividers are used in the retort baskets, temperature 
distribution tests are required to determine the proper venting procedures. 

When venting horizontal retorts through multiple 25-mm (Tin.) vents 
discharging to atmosphere (Fig. 14.5A), there should be one 25-mm (Tin.) 
vent with a gate or plug cock valve for discharging to the atmosphere for 
every 1.5 m (5 ft) of retort length; the end vents should not be over 0.75 m 
(2.5 ft) from the ends of the retort. The vent valves should be wide open for 
at least 5 minutes and to a retort temperature of at least 107°C (225°F) or 
for at least 7 minutes and a temperature of 104.5°C (220°F). 

For vents that discharge through a manifold to atmosphere (Fig. 14.5B) 
the number and location of the vents should be the same, and the inside 
diameter (ID) of the manifold should be not less than 64 mm (2.5 in.) for 
retorts under 4.5 m (15 ft) in length. The ID should be at least 75 mm (3 
in.) for retorts whose length is 4.5 m (15 ft) or greater. The manifold valve 
should be wide open for at least 6 minutes and to a retort temperature of 
107°C (225°F), or for at least 8 minutes and to a temperature of 104.5°C 
(220°F). 



500 


FOOD CANNING TECHNOLOGY 


In the case of venting through water spreaders (Fig. 14.5C) the size (ID) 
of the water inlet, vent pipe, and vent valve for retorts less than 4.5 m (15 
ft) in length should not be less than 50 mm (2 in.), and for retorts 4.5 m (15 
ft) or greater in length they should not be less than 64 mm (2.5 in.). The 
size (ID) of the water spreader for retorts less than 4.5 m (15 ft) in length 
should not be less than 40 mm (1.5 in.), and for retorts 4.5 m (15 ft) or 
greater in length they should not be less than 50 mm (2 in.). The water 
spreader vent gate or plug cock valve should be wide open for at least 5 
minutes and to a retort temperature of at least 107°C (225°F), or for at least 
7 minutes and to at least 104.5°C (220°F). 

When venting through a single 64 mm (2.5 in.) top vent [for retorts not 
exceeding 4.5 m (15 ft) in length] (Fig. 14.5D), the vent should have an ID 
of at least 64 mm (2.5 in) and be equipped with at least a 64 mm (2.5 in.) 
gate or plug cock valve and be located within 0.6 m (2 ft) of the center of 
the retort. The vent gate or plug cock valve should be wide open for at least 
4 minutes and to a retort temperature of at least 104.5°C (220°F). 

When venting vertical retorts through the overflow (Fig. 14.6A), the 
overflow pipe should have an ID of at least 40 m (1.5 in.) equipped with at 
least a 40 mm (1.5 in.) gate or plug cock valve and with not more than 1.8 
m (6 ft) of 40 mm (1.5 in.) pipe beyond the valve before the break to the 
atmosphere or to a manifold header. The vent gate or plug cock valve 
should be wide open for at least 4 minutes and to a retort temperature of 
103.5°C (218°F), or for at least 5 minutes and to at least 101.5°C (215°F). 

For venting vertical retorts through a single side or top vent (Fig. 14.6B) 
the vent should have an ID of at least 25 mm (1 in.) and be equipped with 
a 25-mm (Tin.) gate or plug cock valve, and it should discharge directly into 
the atmosphere or to a manifold header. The vent gate or plug cock valve 
should be wide open for at least 5 minutes and to a retort temperature of 



Figure 14.6. Vents and connections for vertical retorts [adapted from the 
Recommended Canadian Code of Hygienic Practice for Low-Acid and Acidified 
Low-Acid Foods in Hermetically Sealed Containers (Canned Foods), 1990]. 
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at least 110°C (230°F) or for at least 7 minutes and to at least 104.5°C 
(220°F). 

Other installations and operating procedures that deviate from the 
foregoing may be used provided that there is evidence that adequate venting 
of the air is accomplished. This would be determined by temperature 
distribution studies, and the data obtained should be kept on file by the 
processor. 

When air overpressure is used during cooling, the retort should be 
equipped with an adequate tight closing valve and piping arrangement on air 
line to prevent leakage of air into the retort during processing. 

The required equipment and controls for the conventional vertical and 
horizontal retorts are illustrated in Figures 14.7 and 14.8, respectively. 



1) Temperature Controller 

2) Safety Valves 

3) Air Strainer 

4) Pressure Gauge 

5) Thermometer 

6) Steam Valve 


7) Steam Strainer 

8) Steam Main 

9) By-pass Steam Valve 

10) Steam Spreader 

11) Drain Valve 

12) Water Main 


13) Check Valve 

14) Water Valve 

15) Overflow Valve 

16) Spring Relief Valve 

17) Air Valve 

18) Open Pipe Discharge 

19) Pressure Controller 


Figure 14.7. Vertical retort showing piping, controls, and instruments [adapted from 
the Recommended Canadian Code of Hygienic Practice for Low-Acid and Acidified 
Low-Acid Foods in Hermetically Sealed Containers (Canned Foods), 1990]. 
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1) Temperature Controller 

2) Safety Valves 

3) Air Strainer 

4) Pressure Gauge 

5) Thermometer 

6) Steam Valve 

7) Steam Strainer 


8) Steam Main 

9) By-pass Steam Valve 

10) Steam Spreader 

11) Drain Valve 

12) Water Main 

13) Check Valve 

14) Water Valve 


15) Overflow Valve 

16) Spring Relief Valve 

17) Air Valve 

18) Open Pipe Discharge 

19) Pressure Controller 

20) Air Main 

21) Rail for Crates 


Figure 14 . 8 . Horizontal retort showing piping, controls, and instruments [adapted 
from the Recommended Canadian Code of Hygienic Practice for Low-Acid and 
Acidified Low-Acid Foods in Hermetically Sealed Containers (Canned Foods), 1990]. 


14.2.1.2 The Crateless Retort System 

The crateless systems (Fig. 14.9) (e.g., Malo and FMC) are unique in that 
they are filled and unloaded automatically, but from the processing 
standpoint it is a still steam retort that does not use crates or baskets to hold 
the filled, sealed containers. The vessel is fitted with large sliding doors at 
the top and at the bottom that are hydraulically operated. The operating 
cycle is as follows: 


• open top door and close bottom door and fill retort with water at a 
temperature equal to or greater than the initial product temperature; 

• the containers are conveyed to and dropped into the water filled retort 
until it is full of containers, with the water providing a cushion effect to 
help minimize can damage; 

• the top door is closed; 

• the water is drained from the retort; 
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Figure 14.9. Diagram of the Malo crateless retort (Jackson and Shinn, 1978), 


• steam turned on and retort vented; 

• full still steam process given; 

• at end of process, steam is turned off and cooling water added; 

• after a predetermined amount of cooling, the bottom door is opened and 
the cans unload onto a belt positioned on the bottom of a cooling canal 
section directly beneath the retort bank for the final cooling stage. The 
inlet and outlet ports of the retort are large enough and the design of the 
retort is such that the cans are handled in a fluidized condition to 
minimize impact damage. 

The crateless retort system is more complicated and sophisticated than 
the conventional vertical or horizontal retort; therefore, it is not as forgiving 
of errors and equipment failures. To help simulate a continuous operation, 
four or five crateless retorts are assembled into a bank so that product can 
be continuously loaded into a retort from the production line (Fig. 14.10). 




Figure 14.10. Automated Odenberg-Malo crateless retort system (Vogel, 1991). 
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14.2.1.3 Pressure Processing in Water 

Both the conventional vertical and horizontal retorts are used for pressure 
processing in water with additional controls for regulating water levels and 
overpressure when required. Innovations on the basic concept have provided 
circulating pumps to provide adequate agitation of the superheated water 
within the retort, direct steam injection into the circulating water just prior 
to its entry into the retort, and a water preheat storage vessel mounted 
overhead to save energy and decrease the CUT. Other innovations include 
using a water shower or spray directed onto the product zone, which limits 
the quantity of water in the retort at any one time with the water 
temperature that is maintained by direct steam injection into or above the 
circulating water. In other systems, indirect heating is accomplished with the 
use of an external heat exchanger. 

As both water and air will be used in these systems, additional controls 
are required. These have been included in the illustrations for vertical and 
horizontal retorts in Figures 14.7 and 14.8, respectively. 

In addition to the pressure safety valve, an adjustable pressure control 
valve of a capacity sufficient to prevent undesired increases in retort 
pressure, even when the water valve is wide open, should be installed in the 
overflow line. This valve also controls the maximum water level in the 
retort. The valve should be suitably screened to prevent blockage by floating 
containers or debris. In addition, a pressure recorder device is needed and 
may be combined with a pressure controller; it is frequently combined with 
the temperature/time recorder controller. 

Steam should be distributed from the bottom of the retort for steam 
processing, unless it is fed to water during recirculation outside the retort, 
in a manner that provides uniform temperature distribution throughout the 
retort. A screened, nonclogging, water-tight valve should be used. 

There should be a means of determining and regulating the water level 
in the retort during operation [e.g., by using a water gauge, glass, level 
probes or petcock(s)]. Water should adequately cover the top layer of 
containers during the entire coming-up, sterilizing, and cooling periods. This 
water level should be at least 15 cm (6 in.) over the top layer of product 
containers in the retort. Water levels in those systems that use a water 
shower are not critical unless the levels in the retort, due to some 
malfunction in the water recirculation, start to build up and impinge on 
product zone, which would alter the heat transfer coefficient. A safety 
device or alarm should be provided should this occur in such systems. 

In both horizontal and vertical still retorts for pressure processing in 
water, a means should be provided for introducing compressed air at the 
proper pressure and rate. The retort pressure should be controlled by an 
automatic pressure control unit. A nonreturn valve should be provided in 
the air supply line to prevent water from entering the system. Air or water 
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circulation should be maintained continuously during the CUT, processing, 
and cooling periods. Air is usually introduced with steam to prevent steam 
hammer . If air is used to promote circulation it should be introduced into 
the steam line at a point between the retort and the steam control valve at 
the bottom of the retort. The air pressure in the head space of the retort 
should be controlled throughout the process. 

In retorts that process glass jars the cooling water should be introduced 
in a manner that avoids direct impingement on the jars in order to prevent 
breakage by thermal shock. All water circulation systems used for 
temperature distribution, whether by pumps or air, should be installed in 
such a manner that an even temperature distribution throughout the retort 
is maintained. Checks for correct operation should be made during each 
processing cycle (e.g., alarm systems to indicate malfunction of water 
circulation). 

A good example of a retort system that uses a water shower is the 
Steriflow process (Fig. 14.11). Superheated water is distributed as a spray 
directly onto the product contained in the crates in a horizontal sterilization 


Manual or mechanical 
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1 Water distributor ensures 
l uniform water distribution 
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Figure 14.11. Schematic diagram of the Steriflow retort system (Vogel, 1991). 
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chamber. Models are available that have two doors for unidirectional 
product flow. A circulating pump takes the water through a plate heat 
exchanger to the distribution system inside the chamber for spraying onto 
the product zone, and from there back to the heat exchanger. About 400 L 
of water are recycled every 10 seconds. This type of retort can also be 
equipped with a rotating cage to rotate the baskets. Counterpressure is 
induced by the injection/venting of compressed air, which can be delivered 
during sterilization and/or cooling and is controlled automatically by a 
program independent of the temperature. For cooling, cold or chilled water 
is used via the plate heat exchanger. An interesting feature is that the sterile 
water used during the heating cycle can be cooled for this stage and remains 
sterile. Pneumatic valves are operated from a control cabinet that has either 
a classic programming card or a microprocessor. A recording chart gives the 
changes in temperature and pressure with respect to time. 

14.2.1.4 Steam/Air Mixtures 

As the pressures that can be used are somewhat independent of the 
temperature of the steam/air mixture, this type of system can be used for 
almost all the types of containers (e.g., rigid, glass, semirigid, and flexible). 
Appropriate overpressures can be introduced during both the heating and 
cooling phases. The Lagarde and Malo Truxton horizontal retorts are good 
examples of this type of process. 



STERILIZATION 



Figure 14.12. Schematic representation of the flow of heating and cooling media in 
a Lagarde horizontal steam/air retorting system (Vogel, 1991). 
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For optimal heating, the composition of the steam/air heating medium 
should be controlled (see Fig. 14.12) and constantly circulated. As for most 
horizontal vessels, they can be provided with one or two doors and the 
baskets are rolled into and out from the chamber on rails. The steam/air 
mixture is homogenized constantly by a circulating fan located at one end of 
the chamber. Oscillating temperature variations are independently and 
rapidly regulated by the introduction of steam. The overpressure is supplied 
by compressed air. Cooling is by a pulverized water fog that forms rivulets 
on the containers. The pneumatic valves for steam and air are controlled by 
a programmable perforated multitrack card on which the temperature and 
pressure control curves are cut. These parameters can also be controlled by 
automatic programmers or microprocessors. A recorder furnishes curves 
that show the evolution of the temperature and pressure in the chamber. 

14.2.2 Batch Rotary Retorts 

The objective of the rotation of the containers is to induce forced convection 
to optimize the heat penetration throughout the product. The provision of 
an adequate head space when the container is filled is critical if optimal 
agitation is to be realized. During the rotation a bubble, which is formed 
from the head space, moves through the product, causing a mixing. 

There are basically two types of loading systems. One is automatic (e.g., 
FMC Orbitort), in which the cans are fed, one by one, by a conveyor into 
the retort until it is full, at which time the process is begun. The cans are 
unloaded in a similar manner at the end of the process, including cooling. 

The other employs the same method as for the conventional horizontal 
retorts, in which special crates are filled and then fixed into a rotatable cage 
inside a horizontal retort. A solid pressure plate attached to the cage 
maintains the cans in place during the rotation. The cage is rotated by a 
variable-speed motor so that the rotary speeds can be adjusted to meet the 
requirements. The rotation of the cans can be arranged so that it is either 
end-over-end or axially in the baskets. When an axial rotation is desired, the 
containers are placed in the baskets oriented in line with the main axis of 
the cage. 

The choice of method and rotation speed depends upon the nature of 
the product. The more fluid the product, the slower the rotational speeds 
used can be: for example, for end-over-end rotation, rotational speeds of 
9-12 rpm. As the product viscosity increases, faster rotational speeds should 
be used. For example, for viscous products, rotational speeds of 18-24 rpm 
are often recommended and are usually adequate to avoid overcooking 
product in direct contact with the container walls and point of maximum 
temperature; crusting is also reduced. For heterogeneous products (i.e., 
solid particles bathed in a liquid with an average viscosity), end-over-end 
rotation at 12-18 rpm is often recommended. In contrast, it may be 
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preferable to use axial rotation, or intermittent axial (actually a pendular 
motion) for the products whose particles may be in danger of disintegrating. 
The intermittent rotation is programmed so that the cage rotates a specified 
number of turns (5-10) in one direction at slow rotational speeds, stops for 
2-10 minutes, and then repeats the cycle. The pendular motion is obtained 
by a rotation in one direction, followed by one in the opposite direction. 
This movement requires special controls for the motor. 

The heat penetration can be considerably improved by this process as 
well as attainment of a better fat distribution. The batch retorts offer the 
advantage of being able to process almost all sizes and types of retortable 
containers, cans, jars, casseroles, and flexible pouches. 

The rotational speed of the retort or reel is critical and should be 
specified in the scheduled process. The speed should be adjusted and 
recorded when the retort is started, and at intervals of sufficient frequency 
to ensure that the retort speed is maintained as specified in the scheduled 
process. If a change of speed inadvertently occurs, then this should be 
recorded together with corrective action taken. In addition, a recording 
tachometer may be used to provide a continuous record of the speed. The 
speed should be checked against a stop watch at least once per shift. A 
means of preventing unauthorized speed changes on retorts should be 
provided. 

All other instrumentation and controls are those stipulated for 
conventional horizontal steam or water retorts. 

The Rotomat and Lobeca (Fig. 14.13) retorts are good examples of the 
second type of batch rotary retorting systems. The heating medium is 
superheated water. The system is composed of two pressure vessels: an 
upper for preheating the water for sterilization (10) and a lower supported 
on rollers that can be rotated by a variable speed motor (4). The containers 
are placed into baskets that can be attached to the shell so that they will 
turn with the rotation of the shell. A circulating pump (6) recycles the water 



Figure 24.13. Rotomat-type horizontal retorting system (Vogel, 1991). 
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in the shell at a rate of two to three exchanges per minute. An over- or 
counterpressure is generated and controlled by the injection of steam above 
the water level in the upper shell (2). The water is preheated by a system 
of steam injection tubes (6-8 bars, 90-115 psi) in the upper chamber. 
During the actual sterilization process, additional steam is injected at the 
pump into the water being recycled. Cooling is initiated by a second pump 
(1), which takes the superheated water from the lower chamber and returns 
it to the upper chamber, followed by the circulation of cold water into the 
lower chamber for rapid cooling. The pneumatic valves are controlled from 
a control cabinet (14), which assures the regulation of temperature, pressure 
level, and time. The operation of the controls can be manual or automatic 
by a programmable system (9). 

14.2.3 Loading and Unloading Containers and Baskets for Batch Retorts 

The manual loading and loading of the containers into the retort baskets and 
again the loading and unloading of the batch retorts is a tedious and labor- 
intensive operation. In light of today’s rising cost of labor combined with 
the small profit margin enjoyed by most canned food products, more and 
more canners are opting for some form of mechanical automated 
procedures. In addition to the labor savings, automated operations are 
systematic and can avoid those periodic errors of unprocessed product by¬ 
passing the retort operation. They also give retort operators more time to 
devote to their prime role: the supervision of the retorts and the processes. 

14.2.3.1 Basket Loaders and Unloaders 

The automated scrambled pack loading has already been described for the 
Malo and FMC crateless retorts. The same basic procedure is sometimes 
used for scramble pack loading of retort crates. For this, a water well or 
tank is installed at the end of and slightly below the outfeed conveyor from 
the can seamer. The empty basket is placed in the well and the cans allowed 
to fall into the basket. The water acts as a cushion to break the fall and 
minimize can impact damage. The temperature and quality of the water in 
the well is important. The temperature of the water in the well and the time 
of exposure should be such that the required initial product temperature is 
not lowered. Product debris, which may contaminate the can exterior from 
the filling operation, will contaminate the water in the well and, in time, give 
rise to microbial growth. The water is usually kept at a temperature close 
to the required product initial temperature, which is above 38°C (100°F) for 
many products, which favors the growth of thermophiles. The water should 
be suitably chlorinated and changed frequently. 

Mechanical equipment that is more versatile and expensive is also being 
installed with greater frequency. These basically deposit the containers in 
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layered rows, each separated by a metal or plastic perforated divider. The 
loading sequence is: 

1. An empty basket held on a conveyor is transferred and locked into the 
loader framework. 

2. A scissor-type elevator raises the bottom of the basket. 

3. An accumulating table with a blocking barrier accumulates the container 
load. 

4. A plate located under the accumulating table slides out and is placed over 
the basket. The blocking barrier is raised and a layer of containers is 
transferred from the table onto the plate. 

5. The barrier is lowered and the plate returns to its initial position under 
the accumulating table, and a layer of containers is deposited onto the 
bottom of the basket. 

6. A divider is placed on top of the layer of containers. 

7. The basket bottom drops down to a depth equivalent to the height of the 
containers in the layer. 

8. Stages 4 to 7 are repeated until the basket is full, at which point it is 
released from the frame and pushed onto the exit conveyor. 

The containers are unloaded in a reverse-order operation in that a push 
bar transfers a layer by sliding it over the divider onto a takeoff conveyor, 
which then aligns the containers, and from there directly to the labeling and 
packaging line, or to pallet loading for storage bright (unlabeled). 

14.2.3.2 Mechanical Loading and Unloading Batch Retorts 

Chain conveyors with lugs can be installed for pulling or transporting the 
baskets into and out of horizontal retorts. For vertical retorts, mechanical 
hoists on overhead rails take the baskets from the loading station over to 
and into the retort. Upon completion of the thermal processing, the baskets 
are removed from the retorts by the hoists and deposited at the unloading 
station. Figures 14.14 and 14.15 show examples of mechanical loading and 
unloading systems for horizontal batch retorts. 

14.3 CONTINUOUS RETORTING SYSTEMS 

These systems are designed for high production rates on the order of 
200-1500 containers per minute, or at a 80% level of utilization 

76,800-576,000 containers in an 8-hour shift. They are most economical 
when used for large runs of the same product, container type, size, and so 
on. There are two large categories of continuous retorts: the static and 
those that agitate by rotation of the containers. 

They all have one common feature in that the processing conditions of 
temperature, pressure, and conveyor or reel speeds are set and are operating 
prior to the introduction of the filled sealed containers. As the retorts are 
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Figure 14.15, FMC automatic universal sterilizing system (Vogel, 1991). 
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Table 14.1. Equipment Types for Transferring Containers 

into Retorts Under Pressure 


Groups 


Example Systems 


Packaging layout 
in bulk 

in tubular magazines 
in trays 
in sachet 


Odenburg 

Carvallo 

Storklave 

Multitherm, Achilles 


under the preceding atmospheric pressures, a means of transferring the 
containers from atmospheric pressure to that of the retort without 
hampering the retort pressure is required. To attain the continuous transfer 
of the containers from atmospheric pressure to the elevated pressures in the 
sterilization chamber and their removal to atmospheric pressure after 
cooling, two concepts have been developed: hydraulic locks and mechanical 
gate or cylinder locks. 

Other systems, such as the STERIVAC (St. Georges Laboratory), 
THERMASEPT, and VATECH, have been developed to process vegetables 
under vacuum without a cover medium. Thus, the leaching of the mineral 
salts, vitamins, and other constituents by osmosis between the product and 
the cover medium is minimized. Oxidation reactions are minimized, 
resulting in an improved organoleptic quality. 



Continuous Static Syste 


m 


s 


This type of retort is particularly suited for the continuous processing of 
products that are heated primarily by conduction or by products that contain 
particulate matter bathed in a viscous medium. The equipment for handling 
and transferring the containers into the retorts under pressure can be 
classified into four large groups, which are listed in Table 14.1. Some 
systems have the capability of inducing counterpressures with compressed air 
so that the more fragile containers can be processed at the elevated 
sterilization temperatures (e.g., the pneumohydrostatic Carvallo system by 

ATM). 

The retorts should be equipped with all the controls and devices given 
for batch horizontal retorts. As the conveyor speed determines the process 
time, it is important that it be set in accordance with the scheduled process 
and secured so that it cannot be changed without proper authorization. 
Speeds should be checked periodically to ensure that they are as required. 

14.3.1.1 Hydrostatic and Pneumohydrostatic Systems 

The principal components or stages of the hydrostatic retorting system are 
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PREHEAT LEG 


SPRAY COOL 



STEAM CHAMBER 


DISCHARGE 


WATER SEAL 


Figure 14.16. Flow diagram of a hydrostatic retorting system (Scott, 1992). 

illustrated in Figure 14.16. Steam is the primary heating medium, and water 
is used for cooling. They are quite versatile in that they can be operated 
over a range of process temperatures and pressures, and can handle metal 
cans, glass jars, and even plastic bottles, cups, and trays. There are several 
models manufactured in the United States and Europe, and while their basic 
principle is the same, they do differ in design and details, such as water and 
steam circulation and temperature control. 

The pressure, and therefore the temperature, of the steam injected into 
the system is regulated by the hydrostatic head (height) of two water 
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columns in a U shape on either side of the steam chamber. The 
temperature in the water chambers or legs varies from about 16°C (60°F) to 
as high as of 102°C (215°F) in some. Steam temperatures between 110°C 
(230°F) and 132°C (270°F) are generally used. One water column is for the 
preheat phase, whereas the other is for the hot discharge initial cooling. 
Additional columns are frequently added to ensure adequate preheating and 
cooling. 

A sequential distributor places the containers into perforated carriers (or 
flights) that have an appropriate profile. They are taken by an endless chain 
conveyor through the preheating, sterilization, and cooling sections to the 
point at which the containers are discharged and new containers are loaded. 
The sterilization time is determined by the speed of the conveyor. In the 
preheating column, the containers move countercurrent so that they are 
exposed to increasing temperatures and pressures [e.g., the entry 
temperature is about 82°C (180°F), increasing to around 102°C (215°F) in 
the lower part of the leg, and then, near the water seal area next to the 
steam chamber, the water temperature is about 107°C (225°F)]. In the 
steam chamber temperatures can be set for 110°C (230°F) to 132°C (270°F), 
depending upon the product and the process desired. Some cookers are 
designed for two passes—one up and one down—in the steam chamber, 
whereas others can have as many as eight passes. The situation in the 
cooling section is the reverse of that in the preheat section in which the 
containers descend the column and are exposed to decreasing temperatures 
and pressures, which is similar to those of the preheat column. 

The steam temperature in the steam chamber is determined and 
maintained by the depth of the water in the reservoir at the bottom of the 
steam chamber. As the temperature is lowered, the steam pressure in the 
sterilization chamber decreases and the water level climbs. A water gauge, 
called "Genevet," that is in contact with the water level operates the steam 
valve for admission of steam. When the steam pressure in the chamber 
increases, the water level decreases, contact with the float gauge is broken, 
and the steam valve is closed. The pressure and thus the temperature is 
regulated in an all or nothing sequence. The water may be circulated by two 
or more pumps. One pump is for the circulation of the cooling water and 
its level in the hydrostatic cooling column. The second pump maintains the 
water level in the preheating column(s). The water circulates countercurrent 
to the container carriers. The cold water introduced into the cooling column 
by the first pump is heated as it descends in contact with the container 
carriers. It then passes underneath the sterilization temperature, rises in the 
preheating column, and gives off heat to the incoming containers. The 
speed of the conveyor can be varied and controlled so as to vary the 
sterilization time in accordance with the requirements of the product being 
processed. 
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Figure 14.17. Diagram of a rotating hydrostatic retort (Vogel, 1991). 

Counter- (or over-) pressure is attained in certain systems by two 
columns of air, which can be compressed by the hydrostatic columns. These 
columns assure a water-saturated overpressure by direct injection into the 
sterilization medium (i.e., FMC hydrostatic sterilizer). 

While the primary systems do not produce container rotation, axial 
rotation can be achieved by rotation of the carriers on inclined panels in the 
chamber, as illustrated in Figure 14.17. 

Indicating TMDs should be located in the steam dome near the steam 
water interface. Where the scheduled process specifies maintenance of 
particular temperatures of water in the hydrostatic water legs, at least one 
indicating TMD should be located in each hydrostatic water leg so that it 
can accurately measure water temperature and be easily read. 

The temperature recorder probe should be installed either within the 
steam dome or in a well attached to the dome. Additional temperature 
recorder probes should be installed in the hydrostatic water legs if the 
scheduled process specifies maintenance of particular temperatures in these 
legs. 

Bleeders should be of suitable size [e.g., 3 mm (1/8 in.)] and location 
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and should be fully open during the entire process, including the CUT. It 
should be suitably located in the steam chamber or chambers to remove air 
that may enter with the steam. Before the start of processing operations, the 
retort steam chamber or chambers should be vented to ensure removal of 
air, which may enter with the steam. 

The speed of the container conveyor should be specified in the 
scheduled process and should be determined with an accurate stop watch, 
and recorded at the start of processing and at intervals of sufficient 
frequency to ensure that the conveyor speed is maintained as specified. An 
automatic device should be used to stop the conveyor and provide warning 
when the temperature drops below that specified in the scheduled process. 
A means of preventing unauthorized speed changes should be provided. 
Additionally a recording device may be used to provide a continuous record 
of the speed. 

14.3.1.2 The Storklave System 

This system (Fig. 14.18) is essentially formed by two vertical columns that 
are connected by conveyors equipped with sluice locks (double effect). The 
first column uses steam for heating stage, whereas the second uses water for 
cooling. The containers are carried by plate pallets through the system, and 
they can accommodate all sizes of cans. The pallet plates are loaded from 
a feed conveyor and passed one by one through the sluice locks into the 
bottom of the sterilization column. They ascend inside the column via four 
rotating helicoidal spindles. At the top of the sterilization column the pallets 
are detached and transferred via an overpressure lock to the cooling column. 
The plates descend in a manner the reverse of that seen in the sterilization 
column, again by means of helicoidal trees, and during the entire time they 
are bathed in the water fog. After passing through the bottom lock, the 
plates discharge the containers onto an exit conveyor. All operations are 
regulated via a control cabinet as shown in Figure 14.18. The system must 
be equipped with all the controls and devices described earlier for pressure¬ 
processing systems, including control and security of the conveying speeds. 
In addition to that existing in the sterilization column, overpressures can be 
introduced into the cooling column by the injection of compressed air. 

14.3.2 Continuous Rotary Systems 

These are frequently designed to induce forced convection to accelerate heat 
penetration in viscous paste-type products (e.g., purees, sauces, concentrates, 
etc.) or heterogeneous products that contain particulate matter (e.g., pieces 
of meat, fish, vegetables, fruit) immersed in a more or less viscous liquid 
(e.g., sauces or juice). The possibility of processing under counterpressures 
is included in most of the systems. In some of the systems the rotation can 
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Figure 14.18. The Storklave procedure (Vogel, 1991). 
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Table 14.2. Concepts Used for Rotating Containers inside 

Continuous Systems 


Principle 


Example Systems 


By magazines turning on ramps Carvallo ATM 

By lug chains Hydrolock 

By water currents under pressure Hydroflow 

By helicoidal ramps Sterilmatic 

By direct heating (gas burners) Steriflame 


be continuous, alternating or intermittent. The rotation has generally been 
axial; however, some interesting modifications to the feed mechanisms now 
permit an end-over-end rotation by placing the containers into baskets in a 
vertical position (e.g., Carvallo-ATM). The various concepts for the rotation 
are given in Table 14.2. 


14.3.2.1 


The Hydrolock Syste 


II 


The system (Fig. 14.19) can employ saturated steam, superheated water, or 
steam/air mixtures as the heating medium for sterilization. Water is the 
cooling medium. It can accommodate all sizes, shapes, and types of 
containers (e.g. cans, glass jars, semirigid plastic and metal containers, 
flexible pouches, and even plastic and metal containers with heat-sealed 
closures). The system can accept up to six different can lines simultaneously, 
with each having a different size can and product as long as the process 
conditions of temperature and size for each is the same. The primary 
elements of the system are the waterlock, the pressure vessel for sterilization 
and pressure cooling, the chain-carrier system, and the final atmospheric 
cooling. 

The rotary paddle wheel waterlock permits the sterilization carrier chain 
to enter the pressure vessel without loss of steam pressure. Spring-loaded 
sealing bars on each paddle are in direct contact with the stator to minimize 
water exit. The carriers (and containers) enter the system between the rotor 
paddles. The water that exits through the chain openings enters the 
atmospheric water leg and flows over a weir into a reservoir return line. 

The pressure vessel, a steel shell mounted horizontally on a monoblock 
chassis, is divided longitudinally by an isolating plate, situated at one-third 
of the cylinder height and allowing sufficient space for passage of the carrier 
between the two sections. The lower section is filled with water and is the 
precooling zone. Sterilization by one of the heating media takes place in the 
upper section under pressure. 

The containers are automatically delivered from can lines to the chain 
carrier system that carries them through the system. The approximately 4-ft 
(1.2-m) carriers holding cans placed end to end are carried by a continuous 
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Figure 14.19. Graphic representation of the Hydrolock process (Vogel, 1991). 
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chain that passes through the top side of the waterlock into the sterilization 
section, through the multiple passes in the vessel, and out of the pressurized 
water cooling section through the bottom side of the water lock. Final 
cooling is completed in two passes of atmospheric cooling below the pressure 
vessel in which the cans roll in shallow water in stainless steel pans being 
pushed by stainless steel rods attached at their ends to roller chains. 

When an overriding air pressure is required, as with glass containers, 
aluminum cans, plastic containers, or flexible pouches, air is mixed with the 
steam by means of one or more turbo fans that produce a homogeneous 
mixture of the two gases. The air pressure during both heating and cooling 
stages is controlled by an automatic air inlet pressure control system. Glass 
containers are carried in perforated stainless steel tubes that are in turn 
conveyed in a sterilization chain cradle carrier system. The tubular carriers 
are in contact with the fixed perforated stainless steel plate, which causes the 
carriers to rotate within their cradles providing a continuous rotation of the 
tubes and hence the product. Glass jars are cooled almost completely under 
pressure. 

Determination of the heating parameters for calculation of the thermal 
process schedule must be carried out on laboratory simulators. 

14.3.2.2 The Hydroflow System 

The system (Fig. 14.20) uses superheated water for sterilization and cold 
water for cooling. It is restricted to round cans of one size. A variable 
speed current of water takes the cans in series into a rectangular tubular 
section. In the part reserved for pasteurization or sterilization, the water is 
superheated in a spherical pressure reservoir and propelled by a pump. The 
steam inlets situated at different points in the sphere maintain or vary the 
applied thermal process temperatures. A water box separates the hot water 



1 - entry lock, 2 - sterilization tubes, 3 - by-pass, 4 - hot water separator, 5 - pressure cooling 
6 - hydrostatic column, 7 - atmospheric cooling, 8 - cold water separator, 9 - reservoir tank, 
10 - recycling pump, 11- temperature control, 12 - cold water entry. 

Figure 14.20. Schematic diagram of a hydroflow process (Vogel, 1991). 
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tube system from the cooling tubes in which the water is circulated by a 
pump. A vertical water column terminates the circuit and equilibrates the 
pressure in the system. The cans exit via a hydraulic lock at the end of the 
circuit. The cans are introduced into the hot tube system via a hydraulic 
lock. The flow of superheated water supplied by a pump from the reservoir 
pushes the cans in a series into the thermal treatment tube system. The 
treatment time is a function of the number of tubes brought into play or 
bypassed. The adjustment is made by varying the flow via the pump speed. 
Next, the cans pass into the cooling circuit via the hydraulic box. The 
cooling time can also be varied by reducing or increasing the number of 
tubes involved. At the end of the run, the cans exit via a hydraulic lock. A 
console controls the designated points, the control of the steam injection, 
and the pump speed. The agitation is produced by an alternating axial 
rotation. The tubes are arranged in couplets, with one above the other. In 
a passage through one couplet, the cans rotate in one direction in the upper 
tube and the reverse direction in the lower. 


14.3.2.3 The Sterilmatic Syste 


II 


Steam is the heating medium for the sterilization stage, and water is used for 
cooling. The system (Fig. 14.21a and b) can accommodate round cans, 
mono- or biformat, and glass jars with a special cartridge adapter. The basic 
models are essentially composed of two or more steel shells. The first is for 
the sterilization phase and the other for cooling. A rotor reel that supports 
the cans around the upper two thirds of the circuit and on the other third 
guides the cans that roll on the interior of the shell are installed inside each 
shell. Spiral guides are attached to the interior walls of the shells. These 



Figure 14.21a. Schematic cross-sectional view of the FMC Sterilmatic process 
(Vogel, 1991). 
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Figure 14.21b. The FMC Sterilmatic system (courtesy of the FMC Corporation). 
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progressively guide the cans from one end of the shell to the other. 
Mechanical high-speed valves located at the extremity of each shell permit 
the entrance and exit of the cans one by one. They are synchronized with 
the rotors. The cans enter the first shell via a can feed valve. They are 
arranged on the rotor, which passes them by sliding along the guiding rails 
located on the shell walls. At the end, the cans exit via a can transfer valve 
and are transferred over to the entry lock of the cooling chamber in which 
the cans are conveyed in same manner as in the first chamber; they leave via 
an exit can valve. 

A command console groups together all the electronic, mechanical, and 
pneumatic controls for times, temperatures, and pressure. The steam 
regulated via a temperature-controlled valve enters the sterilization chamber 
through a series of jets along the length of the shell. Safety valves and 
bleeders are located on the top of the shell. During venting the bleeders 
and/or vents are used to evacuate any occluded or incondensable air. They 
allow the return to atmospheric pressure in the case of a breakdown in the 
steam supply. In the cooling shell, a circulation pump regulates the water 
level. Internal guide blades assure a progressive cooling, which is done in 
order to avoid the thermal shocks. A direct current variable-speed motor or 
frequency drive regulates the speed of both the rotor and rotating can valves 
in a manner the latter are synchronized with the former. The sterilization 
time is determined by the rotor speed. 

The rotation of the cans is axial and intermittent. For each turn, the 
cans in the upper two-thirds portion of the rotation are held immobile within 
the bar carriage. In the bottom third of the rotation they come into contact 
with the shell slides; an axial rotation commences when they are advanced 
forward. They are deposited onto the bars again and are immobilized until 



(|D SLIDING ROTATION @ FREE ROTATION 

0 FIXED REEL TRAVEL 

Figure 14.22. Agitation pattern of a continuous agitating pressure sterilizer (courtesy 
of the FMC Corporation). 
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the next turn, at which point the cycle is repeated. The can rotation is 
illustrated in Figure 14.22. 

According to the product being processed, additional shells can be 
added. For example, a system of three shells can be configured in the 
following manner: a preheating chamber, a sterilization chamber, and the 
last for the cooling. Another configuration can be a sterilization chamber 
with overpressure and two cooling chambers. For the thermal processing of 
products that have a pH < 4.5 (for example, fruit), this same system can be 
operated at atmospheric pressure employing the same principle of circulation 
and rotation of the containers. 




The Sterifla 


II 


e Process 


The heating medium is a flame directed to a rotating can. As the system 
(Fig. 14.23) operates at atmospheric pressure, the can must act as its own 
pressure vessel. The 303 diameter can is probably the largest diameter that 
can be processed by this system. To accommodate the internal pressures 
developed during the heating, the can ends must be of heavier plate 
compared to conventional cans. A steel chassis supports 4 to 8 parallel 
tracks for rolling the cans. Gas burners (e.g., propane, butane, or natural 
gas) are located under the tracks in the sterilization zone. In the cooling 
zone, a system of pipes cools by water sprays. The cans are advanced in 
each one of the tracks by a bar conveyor. The cans are automatically loaded 
via a distributer onto the roll tracks. First the cans are preheated in a 100°C 
(212°F) steam oven. The preheat time is determined by the initial 
temperature of the contents. They then pass along the burner ramps, which 
provides a rise in the temperature up to that required for sterilization and 
from there into a holding zone in which the sterilization temperature 
attained is maintained. After that, the cans enter the water spray cooling 
zone. Upon exiting the system they are returned to the upright in-line 
position. 

An instrument console controls and regulates the gas supply to the 
heating burners, maintenance of temperature, and the chain speeds via a 



1 - Automatic loading of cans into the entry divider, 2 - distribution of cans in the machine 
3 - Steam oven 100°, 4 - Temperature rise, 5 - Control of can temperature, 6 - Burners, 

7 - Sterilization stage, 8 - Spray cooling of the cans, 9 - Can exit to alinement. 

Figure 14.23. The Steriflame process (Vogel, 1991). 
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variable speed motor. The chain speed is set in accordance with the desired 
sterilization time. The sterilization time can also be modified by short 
circuiting some of the tracks in the holding section. The sterilization 
temperature is controlled via contact temperature sensor on the cans. 
Another table carries the feed valves for spray water tubes. 

Agitation is attained by an alternating axial rotation of the cans in which 
they rotate in one direction as they progress along an upper track and in the 
reverse direction on the return along the next lower track. In a model of the 
sterilizer, conceived in Australia by the CSIRO, the agitation of the cans in 
the heating zone is intensified by causing them to circulate on a system of 
oscillating bars (i.e., shuttle bars). 

14.3.2.5 The Sterivac Process (Sterilization under Vacuum) 

The heating medium is saturated steam in which the air in the container is 
evacuated by steam followed by sterilization in pure steam. Cooling is by 
vacuum. The process is restricted to metal cans of a similar size as for the 
Steriflame. 

There are 5 steps in the process: 

Step 1; A small amount of cover liquid (15 to 30 ml) is added to the 

cans previously filled with solid product particles. 

Step 2 : The covers are clinched onto the cans. 

Step 3 : The cans are circulated in an inclined position over burners that 

convert the few millimeters of water added to steam. The 
product is heated by evaporation/condensation. When the 
temperature is close to 100°C, the steam created no longer 
condenses and escapes out through the clinched cover. At the 
same time it evacuates any occluded air or other gases. 

Step 4 : The seaming of the cans is completed. They are then put into 

a horizontal position and roll over the sterilizing burners. Thus, 
the product is sterilized in an atmosphere of pure steam, the 
heat penetration is rapid, and the sterilization time is, therefore, 
shorter. 

Step 5 : Cooling of the cans, by passage under a water ramp. The steam 

on the inside condenses and creates a vacuum that in turn 
rapidly lowers the internal temperature of the product. 

The controls are the same as for the Steriflame (i.e., a control console 
regulates the gas flow in the burners and the speeds of the variable speed 
motors driving the chains). Control of the sterilization temperature is 
obtained by thermosensors in contact with the cans. Another console 
contains the water feed valve controls. Product agitation is by an alternating 
axial rotation as the cans travel through the system. 
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Figure 14.24. The Multitherm process (Vogel, 1991). 

14.3.2.6 The AIpha-Laval Multitherm, Swedish Match, and Achilles Systems 

In the Multitherm process (Fig. 14.24) flexible containers are thermoformed, 
filled in series, and heat sealed by an overlay forming a continuous band. 
It then passes through a water bath under pressure and is brought to 
temperature by microwaves. Upon exiting the bath, the individual packages 
are cut away and overwrapped. 

The Achilles process (Fig. 14.25) starts from a laminated film. As the 
film is unrolled, it is formed into a trough to receive the product and is then 
heat sealed longitudinally, forming a continuous cylinder. The cylinder then 
passes through a bath of superheated water, and goes from there to a 
cooling bath. Upon exiting, a transverse heat seal is made followed by 
cutting into a series of individual units. 



Figure 14.25. Achilles process (Vogel, 1991). 
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CONCLUSION 

As has been seen, the technological principles employed in the construction 
of the sterilization systems are varied in order to respond to the demands of 
the market. The choice of a system depends upon the three following 
primary criteria: 

• nature of the containers, 

• nature of the products to be processed, and 

• production capacity required. 

The range of the batch types presents a great flexibility. In effect, these 
systems accept different sizes and types of containers and can process all 
products. The continuous systems respond more effectively to high 
production rates, but are less flexible in their utilization with respect to 
containers and products. 

NOTE 

The general principles of the systems developed to date have been described 
in this chapter. In practice, several of the processing systems described have 
not been commercially accepted in some markets. Geographical preferences 
and regulatory constraints often dictate market success or failure. They have 
been illustrated with the assistance of diagrams and pictures, extracts from 
the technical brochures of the manufacturers, for which they should be 
warmly thanked. It has not been possible to reproduce all the models found 
on the market. 

BIBLIOGRAPHY 


Jackson, J. M., Shinn, B. M., 1979. Fundamentals of food canning technology. AVI Publishing 
Company, Inc., Westport, Connecticut. 

Recommended Canadian Code of Hygienic Practice for Low-Acid and Acidified Low-Acid 
Foods in Hermetically Sealed Containers (Canned Foods), 1990. Health Canada, Ottawa. 

Scott, G. M., 1992, The application of heat penetration models to the dynamic simulation of a 
hydrostatic retort. Technical Memorandum No. 657, Campden Food and Drink Research 
Association, Chipping Campden, U.K. 

Vogel, F., 1991. Le materiel de traitement thermique pour les operations de sterilisation. In: La 
conserve appertiste, aspects scientifiques, techniques et tconomiques . Techniques et Documentation 
- Lavoisier. 



15 

ASEPTIC PROCESSING AND 
PACKAGING: METHODS, 

EQUIPMENT AND 
MATERIALS 


15.1 INTRODUCTION 

Aseptic processing and packaging are essentially composed of five groups of 
operations: 

• presterilization of equipment, 

• presterilization of the food, 

• presterilization of the container, 

• filling and closure of the presterilized product into the sterilized container 
under aseptic (sterile) conditions, 

• maintenance of sterility, 

Presterilization of unpackaged product has the advantage of continuous 
thermal processing, which results in improved product quality and reduced 
energy consumption. The energy consumption for the pretreatment, 
processing, and packaging of vegetables in an 820-ml metal can is around 4.4 
MJ/kg; for a 720-ml glass container this increases to 4.7 MJ/kg, whereas that 
for a 1-L tetra-pak milk is only 1.05 MJ/kg. There is an alternative process 
in which the product is thermally processed in an unsealed container 
followed by closure under aseptic conditions in which the energy saving is 
somewhat reduced. 

The primary objective of a thermal process is to produce a 
microbiologically stable product and inactivate enzymes; however, the heat 
can cause adverse changes in the color and texture as well as reduced 
nutritional value. An ideal thermal process optimizes the primary objectives 
and minimizes the adverse effects. It was shown in Chapter 11 that 
microorganisms are reduced at different rates under the influence of time 
and temperature as compared with the organoleptic and nutritional qualities. 
They are more rigorously killed with increased temperatures and 
correspondingly shorter times. The undesirable effects that are mainly due 
to chemical changes or thermal deterioration are less at the higher 
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temperatures and shorter times than at lower temperatures and longer times. 
As enzymes follow the same pattern as the organoleptic and nutrient 
qualities, the ultrahigh temperature and very short time periods may not 
achieve complete inactivation, especially when the particular enzymes are 
originally present in relatively high concentrations. 

From a process technology point of view, the problem is to optimize the 
heat transfer into and out of the food product to minimize the required 
heating and cooling times. Conventional methods for thermal processing 
products packaged in containers (e.g., cans, glass, etc.,) are limited because 
of the low thermal conductivity of food and the limited potential to 
considerably improve the heat transfer inside as well as outside the 
containers. Continuous heating and cooling has provided the means to 
optimize heat transfer, produce a microbiologically stable (i.e., commercially 
sterile) product, and minimize the adverse effects on the organoleptic and 
nutritional quality. A typical heat-hold-cool process is shown in the flow 
diagram in Figure 15.1. 

As will become evident as the processes, equipment, and methods are 
discussed, control is imperative if a safe quality product is to be consistently 
obtained. The principles of the hazard analysis and critical control point 
system must be rigorously applied. 

15.2 THERMAL PROCESSING 

The type of product to be processed will dictate the thermal processing 
method to be used. For this purpose, the products can be classified as: 
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Figure 15.1. Schematic flow diagram of a typical heat-hold-cool aseptic processing 
system (adapted from Nelson et al., 1987). 
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• homogeneous liquids that have low viscosity (e.g., milk, juices, etc.), 

• homogeneous liquids that have medium to high viscosity (e.g., puddings, 
meat pastes, etc.), 

• heterogeneous liquids with small particles of few millimeters in diameter 
(e.g., some soups, semolina puddings, etc.), 

• heterogeneous liquids with larger particles 15-25 mm in diameter. 

The common element in all the preceding categories is fluidity so that they 
can be pumped and processed continuously. There are three stages in the 
continuous thermal processing, heating, holding, and cooling (heat-hold- 

cool). 

The thermal processing methods available to process such products 
continuously are: 

• Direct heating, steam injection, or infusion, 

• Indirect heating—plate, tubular, and scraped surface, 

• Ohmic heating. 

The latter is a relatively recent innovation and is proving very adaptable for 
very viscous products and even solid products. All have advantages and 
disadvantages, which will be discussed in their turn. The inclusion of a 
deaeration step as occluded and entrapped air is important to the closed 
system of aseptic processing and will be present in most food products. Air 
removal results in improved product quality and extended shelf life. All the 
systems involve a preheating stage in which the product is brought to the 
required sterilization temperature followed by a holding period (i.e., 
residence) in which the product is held at the sterilization temperature for 
a designated time to attain the desired sterilization value. 

15.2.1 Flow Control 

Product flow in continuous heat-hold-cool processes is usually provided by 
metering pumps located upstream from the hold section. As control of the 
product flow is critical to the process, the pumps are a vital part of the 
process design. The type of pump used is important if flow rates are to be 
maintained over a range of circumstances that may occur. 

Positive displacement pumps are used as they are less sensitive to 
pressure drop than are centrifugal pumps. The type of displacement pump 
selected depends upon the product viscosity, the presence of particulate 
matter, pressure drop in the system, and, of course, cost. When the pressure 
drop is less than 150 psi and the product is homogeneous or contains small 
particles (e.g., <3 mm or 1/8 in.), a rotary positive displacement pump is 
usually the economical choice. At a higher-pressure drop with homogeneous 
products, a high pressure piston-type pump would be used. For products 
with particulate matter up to about 8 cm (3 in.), the reciprocating piston 
pump is the best choice. 
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Figure 15.2. Longitudinal cross-sectional drawing of a steam injection process 
(adapted from Nelson et al., 1987). 


15.2.2 Direct Heating/Cooling 

Products can be continuously heated by the direct injection or infusion of 
steam. As the steam condenses, it releases its latent heat to the product. A 
typical apparatus for the injection of steam into a product is illustrated in 
Figure 15.2. For steam infusion the product is dispersed by spraying or by 
free-falling sheets into a steam atmosphere (Fig. 15.3). 



Figure 15.3. Diagram of a steam infusion procedure (Nelson et al., 1987). 
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The condensing steam produces water that dilutes the product and must 
either be compensated for in the product formulation or removed at a 
subsequent stage before packaging. It is generally removed by flash cooling 
the product under vacuum. The degree of vacuum is adjusted to ensure 
removal of the water added from the condensing steam. The vaporization 
of the water requires heat, which results in a cooling of the product. As the 
added water from the condensing steam increases the product volume at that 
point, this factor must be considered when sizing the holding tube. 

The advantages of direct heating are: 

• very rapid heating and cooling, 

• minimum burn on (fouling), 

• minimum floor space, 

• flash cooling deaerates product. 

The disadvantages are: 

• water from condensing steam dilutes product, 

• culinary steam is required, free from noncondensible gases, and additives, 

• potential destabilization of product due to high shear as steam condenses 
and is subsequently flashed off, 

• difficult to control final temperature and solids content of the food. 
15.2.3 Indirect Heating/Cooling 

As the name implies, the product does not come into contact with the 
heating or cooling medium as heat is transferred or exchanged through a 
separating wall or partition usually composed of stainless steel. The major 
types of indirect heat exchangers are plate, tubular, and scraped-surface. 

15.2.3.1 Plate Heat Exchangers 

Plate heat exchangers consist of a number of corrugated, gasketed, thin, 
stainless steel plates ordered together in a frame such that the product flows 
on one side of the plate and the heating or cooling medium on the other 
side (Fig. 15.4). These are only suitable for homogeneous relatively low- 
viscosity liquids that contain very small particles as the gap between the heat 
transfer surfaces and the evenly distributed supporting points on the plate 
tends to result in rapid blockage when particulate matter is processed, 
especially when the particles are elongated (e.g., fibers). With high-viscosity 
fluids, uneven flow distribution can occur across the flow direction, 
producing a nonuniform residence time for the different components of the 
product. There are free-flow plate heat exchangers without regular 
distribution of supporting points across the surface so that the annular space 
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Figure 15.4. Plate heat exchanger (adapted from Nelson et al., 1987). 

alone determines the particulate size that can be processed. However, due 
to the frequent redirection of the flow and the consequently increased 
turbulence, the shear stress on the particles is exacerbated, which in 
combination with an increased collision rate can increase particulate damage. 
Advantages: 

• low initial cost with high heat transfer efficiency, 

• small holdup volume in the exchanger, 

• easy inspection upon disassembly, 

• flexibility, expanded or contracted (number of plates) as required, 

Disadvantages: 

• limited to products having low viscosity and small particles, 

• regasketing costs can be high. 

• fouling tendencies exists for some products. 

15.2.3.2 Tubular Heat Exchangers 

Tubular heat exchangers (Fig. 15.5) use concentric stainless steel tubes to 
separate the product from the heating or cooling medium or consist of a 
coiled tube in a shell. In the double-tube and coiled tube-in-shell types, the 
product flows inside the tube, whereas, in a triple-tube style, the product 
flows in the annular area. In each type, the heating or cooling medium flows 
countercurrent to the product to maximize heat exchange efficiency. 
Advantages: 

• few gaskets, minimum maintenance costs, 

• compactness, 

• no moving parts. 
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Figure 15.5. Tubular heat exchanger (adapted from Nelson et al., 1987). 


Disadvantages: 


• excessive pressure drops, 

• extremely difficult to examine surfaces for fouling and wear, 

• maximum regeneration of 70-75%, which is lower than that for plate 
exchangers, 

• fouling tendencies because of low shear, 

• restriction of products by viscosity and particle size. 
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Figure 15.6. Scraped-surface heat exchanger (adapted from Nelson et al., 1987). 
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15.23.3 Scraped-Surface Heat Exchanger 

The scraped-surface heat exchanger (SSHE) (Fig. 15.6) consists of a mutator 
shaft with scraper blades concentrically located within a jacketed, insulated 
heat exchange tube. Clearances between the wall and the scraper blades of 
10-50 mm (1/4-2 in.) are preferred for the more viscous products and those 
that contain larger particulate matter. Rotating the blades continuously at 
40-400 rpm removes the product from the wall, increases the heat transfer, 
and reduces burn-on. The heating or cooling medium flows on the outside 
of the product tube, and, in some designs, can also flow through the mutator 
tube. 

Advantages: 

• can process any pumpable product, 

• flexibility to expand system by adding surface area, 

• low pressure drops, 

• process at very high temperatures with minimum burn-on. 

Disadvantages: 

• high cost per unit area, 

• high operating costs, 

• large floor space requirement in comparison with other types of 
exchangers, 

• disintegration of fragile particles, 

• moving parts. 

15.2.3.4 Ohmic Heating 

Ohmic heating is produced by passing a controlled electrical current through 
the product. Most foods with water contents in excess of 30% are 
sufficiently good electrical conductors and can be heated by this method. It 
has been demonstrated that many of these, including those that contain 
sizeable particles, can be rapidly and controllably heated to aseptic 
processing temperatures. In practice the system is operated under 
continuous flow conditions. Since the heating effect is produced by passing 
a 50 Hz alternating current through the product as it flows in a pipe, it is 
necessary to ensure complete electrical insulation between the product and 
the heater tube, which is achieved by using a plastic liner. Similarly, the 
electrodes in contact with the flowing product that are positioned in pairs at 
each end of a heater tube section are also mounted in an insulated plastic 
housing. 

For the majority of industrial processes the complete heat assembly 
consists of three heater tubes and four electrode housings mounted vertically 
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and wired to a switched power supply that operates on 50-Hz frequency 
mains and requiring no frequency-converting circuitry. The power supply 
module consists of three phase isolating transformers with a means of 
controlling the heater power on the primary side with the secondary 
connected to the heater electrodes. Power control enables rapid adjustment 
of process temperatures either manually or automatically. 

An important advantage of this form of heating is its ability to process 
continuously without the need for heat transfer surfaces (Reuter, 1988). 
Heat transfer calculations are eliminated because to a first approximation, 
the product should not experience temperature gradients within as it heats. 
This simultaneous heating of both particle and liquid minimizes the risk of 
overprocessing the liquid fraction during the heating stage by eliminating the 
reliance on heat conduction from the liquid to the particle center. Other 
advantages listed by Reuter (1988) are: 

• higher energy conversion efficiency (90-93%) than microwave heating 
(60-65%), and lower capital cost, 

• no hot heat transfer surfaces and hence no fouling, 

• instantaneous startup and shutdown, 

• easy to control and quiet operation, 

• low maintenance costs, 

• compact, 

• few restrictions on scale up. 

The lower capital cost and low maintenance costs may not be always 
realized in commercial applications (Chandarana, 1996). 

15.2.4 Heat Transfer 

Lund (1987) describes the time/temperature profiles in aseptic heating 
systems by heat transfer models for direct heating (i.e., steam injection or 
infusion) and indirect heating (i.e., tubular, plate- and scraped-surface heat 
exchangers). The complication in fluid flow systems is the residence time 
distribution of the liquid and particulate matter, if present. As will be seen 
in Section 15.2.5, a flowing liquid exhibits a velocity distribution that will in 
turn result in a distribution of time/temperature treatments. 

For indirect heating methods, Lund describes the time/temperature 
profile by the following equation: 


iog(r-r) = iog(/^)-i- (15.1) 

J h 

The only limitation is that the temperature is the mass-average temperature 
of the product. Thus, if there is a velocity distribution in the heat exchanger 



540 


FOOD CANNING TECHNOLOGY 


(e.g., in a tube with laminar flow), Eq. (15.1) would give the mass-average 
temperature. For flow with heat transfer,/^ = 1.0 (i.e., convection heating) 
and Eq. (15.1) reduces to: 


i°g(7>n=■<*(?> 7*)^ (i5.2) 

When the heating medium is maintained at a constant temperature, such 
as heating with condensing steam or when the flow rate of the heating 
medium is much greater than the flow rate of the product, Lund defines 

as: 



wc 

_ p _ 

UA 2.303 


(15.3) 


where W = mass of product in contact with area A (lb or kg), 

C p = product heat capacity (BTU/lb °F or kJ/kg K), 

A = area for heat transfer (ft or m), 

U = overall heat transfer coefficient (h g in Chap. 11) (BTU/h ft 2 °F 
or W/m 2 K). 

As shown in Chapter 11, the overall resistance is equal to the sum of the 
individual resistances, just as is the case in the flow of an electric current 
through a series of resistances. Thus, Lund estimates U by adding the 
resistance to heat transfer on the product side, the heating medium side, and 
through the wall as follows: 


_ J_ 

K 



(15.4) 


where h Q = heating medium heat transfer coefficient, 
h { = product heat transfer coefficient, 

( x/k) w = thickness of wall (jc) divided by thermal conductivity of the wall 
(BTU/h ft°F or W/m K). 

In practice, the inside and outside diameters of the tube are also taken into 
consideration as follows (McCabe and Smith, 1956): 


u h o 

where D Q = outside tube diameter, 

D i = inside tube diameter, 

D l = logarithmic mean diameter. 

For viscous liquids, the product-side heat transfer coefficient will control 
the rate of heat transfer, and Eq. (15.3) becomes: 



wc 

_ p 


h t A 2.303 


(15.5) 
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Lund (1987) gives the following values for U for three types of heat 

exchangers: 

• tubular, 300-500 (BTU/h ft 2 °F or W/m 2 K), 

• plate, 500-1000 (BTU/h ft 2 °F or W/m 2 K), 

• scraped-surface, 50-300 (BTU/h ft 2 °F or W/m 2 K). 


The values depend upon the type of flow (i.e., laminar or turbulent), induced 
turbulence (i.e., including rpm of scraper), viscosity and density of the 
product, and velocity of the fluid. 

In the case when the heating medium temperature decreases as the 
product temperature increases, Lund (1987) defines f h as: 




0-length- L 0-length- L 

0-time- t 0-time-f 



0-length- L 

0-time- 1 

Wj Cp ~ Wp Cp 


Figure 15.7. Time/temperature in heat exchangers (adapted from Nelson et al., 
1987 ). 
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where w s = mass flow rate of the heating medium (lb/h or kg/h), 
w = mass flow rate of product (lb/h or kg/h), 

C = heating medium heat capacity (BTU/lb°F or kJ/kg K) 

If the neating medium and product are countercurrent and of equal flow 
rate and heat capacity, the heating and cooling curves are linear. Some 
illustrations of temperature profiles are given in Figure 15.7. 

In the case of direct heating, steam injection, or infusion, the U value 
is very large and the heating is extremely rapid, usually on the order of 1 
second or less; hence, it is considered to be instantaneous. For example, in 
an injection system, the product was preheated from 50 to 75°C in 5 
seconds, steam injection was brought to 140°C in less than 1 second, 
followed by a 5.1-second retention time in the holding tube, and then cooled 
to 76°C. Subsequent treatment in a homogenizer and final cooling brought 
the temperature to 20°C in about 40 seconds. In contrast, an indirect system 
by a combination of preheater, homogenizer, and recuperative heat exchange 
brought the temperature from the same initial temperature to 95°C in about 
30 seconds, whereas a steam heater (indirect) took 17.5 seconds to bring the 
temperature to 139°C, followed by 2.4 seconds retention in a holding tube. 
Cooling to 50°C in the recuperative cooler took 21.6 seconds. In this 
example it is assumed that the shorter retention time in the holding tube 
relflects the contribution to the total lethality by the longer come-up time 
(CUT) during the heating. As shown in Chapter 11, the total lethality of the 
process is the integrated effect of the time/temperature profile on the 
destruction of the target microbial spores. For all practical purposes, as 
lethal rates below 100°C are considered negligible, the integrated lethality 
for the direct heating system is based on the time at 140°C as the prior 
heating; subsequent cooling is considered to be instantaneous, whereas in the 
indirect system, in addition to the retention time in the holding tube, the 
heating and cooling must be considered because they are not instantaneous. 

15.2.5 Velocity Distribution 

The preceding discussion for heat transfer and subsequent lethality applies 
only when there is adequate radial mixing in the flow channel so that axial 
velocity appears uniform in the cross section. This condition is called plug 
flow. The Reynolds number is used to characterize fluid flow as laminar or 
turbulent: 


kinetic forces = p DV 
viscous forces /x 

where p = density of liquid, 

D = tube diameter, 
v = velocity of liquid, 

/i = viscosity of liquid. 

For Newtonian fluids viscosity is independent of velocity. When Re > 
4000, flow is usually turbulent and there is minimum velocity distribution. 
In fully developed turbulent flow, v ave /v max = 0.82. If Re < 2100, flow is 


(15.7) 
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laminar and the velocity profile is parabolic, with the maximum velocity 
occurring in the center of the tube and zero velocity at the tube walls, and 
v ave /^max = 0.5. The holding tube length must be based on the minimum 
residence time, which, in turn, depends upon the maximum velocity. 


max 


/ 


min 


(15.8) 


where L = tube length, 

r min = minimum residence time. 

The temperature profile of a liquid in laminar flow is not easily 
predicted or measured, as is the case with good radial mixing (i.e., plug flow) 
in turbulent flow. Another complication is that the relationship, v max = 
2v ave applies only to Newtonian fluids, although most food liquids are non- 
Newtonian. The defining equation for viscosity relates shear stress to shear 
rate, and, in its most general form, can be expressed as: 



+ 



(15.9) 


where r Q = yield shear stress, 

K = consistency coefficient, 
dvldr = shear rate, 

n = flow behavior index. 

For Newtonian fluids, r 0 = 0 and n = 1. Fluids in which n is not equal 
to 1 are referred to as power-law fluids. Most liquid foods, r 0 = 0 and n < 
1.0, are shear thinning (i.e., apparent viscosity decreases as shear rate 
increases, called pseudoplastics). When n > 1.0, apparent viscosity increases 
with the shear rate, the fluids are called dilatant. There are few dilatant 
food fluids and they usually contain large particles that disintegrate during 
fluid flow, which results in an increased apparent viscosity. Dilatant 
behavior can also occur with swelling of particles. 

Analysis of velocity distribution for a non-Newtonian fluid in laminar 
flow in a tube results in: 


ave 


max 


1 +n 
1 + 3n 


(15.10) 


2v 


ave . When processed 
For both Newtonian and 


where n = flow behavior index. 

As most fluid foods are pseudoplastic, v max 
aseptically, the limiting case for v max is 2v ave . 
pseudoplastic fluids in both laminar and turbulent flow the limiting case is 
^aveA'max = 0.5. This is also true for dilatant fluids in turbulent flow, but not 
in laminar flow. Thus, the minimum residence time and tube length are 
related by: 

(15.11) 


v = 2v 

max ave 


t 


min 


For a dilatant fluid in laminar flow it would be necessary experimentally to 
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measure the residence time distribution (or minimum residence time) in 
order to establish the correct holding tube length. 

For fluids in turbulent flow v ave /v max is always greater than 0.5, 
regardless of the nature of the food fluid. Consequently, a limiting case for 
design of the holding tube could be Eq. 15.11; however, this could result in 
overprocessing. For example, if v aye /v max = 0.75, then f min = 0.75 L/v ave 
instead of 0.5 L/v ave . Assuming the same tube diameter, the same mean 
velocity and tube length, the actual minimum residence time would be 50% 
greater than the designed minimum residence time and lead to 
overprocessing. Thus, for turbulent flow, the hold tube length can be 
designed based on actual minimum residence time. 

It is important to recognize that, for non-Newtonian fluids, the Reynolds 
number must be modified to account for the velocity dependence of 
viscosity. Using Eq. (15.9), it can be shown that the generalized Reynolds 
number is: 


■»*' ■ I 2 *- < 1512 > 

This equation should be used to calculate the Reynolds number to establish 
the type of flow in the hold tube. 

The residence time in the hold tube is assumed to be isothermal in that 
there should be no significant heating or cooling of the product, whereas 
that for the heating and cooling stages is much more complex because of the 
effect of temperature on the viscous properties of the liquid. Because of this 
complication, some authorities require that the process lethality be based 
solely on the residence time in the hold tube, with that contributed by the 
heating and cooling stages a safety factor. However, if a convincing 
argument can be made with the submission of appropriate data, exceptions 
can be made. 

The situation with the scraped surface heat exchanger does not appear 
to be so simple. Chen and Zahradnik (1967) and Milton and Zahradnik 
(1973) showed that an increase in rotor speed resulted in a broadening of 
the residence time distribution for Newtonian and non-Newtonian fluids. 
Cuevas et al. (1982) concluded that thermal processes based on mean 
residence time in scraped-surface heat exchangers resulted in gross 
underprocessing. 




Residence Ti 


U 


e Distribution 


In continuous systems, except in the case of an ideal plug flow, each fluid 
element will spend different lengths of time to flow through the heat 
exchanger or hold tube and consequently receive a different degree of 
sterility depending upon the residence time. To predict the lethality received 
by each volume element of the product, one must be able to determine the 
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length of time that different elements spend in the system (i.e., residence 
time distribution). 

Experimental determination of the residence time distribution is carried 
out by measuring the response of an inert tracer in the feed stream. The 
three general techniques used are: 

• step function change in which the input concentration is changed from 
one steady level to another, 

• pulse input, in which a relatively small amount of tracer is injected into 
the feed stream in the shortest possible time, 

• sinusoidal input in which the frequency of the sinusoidal variation is 
changed and the steady-state response of the exit stream at different input 
frequencies is determined, thus generating a frequency-response diagram 
for the system. 

In principle, any one of the three techniques can be transformed into the 
other two. However, it is experimentally easier to monitor a tracer response 
that approximates a step change or an impulse function. 

15.2.6.1 Mean Residence Time 

The mean residence time can be calculated by dividing the volume of the 
test zone by the product flow rate if the product flow rate is known and it 
is assumed that there is no velocity distribution in the flow stream (i.e., all 
particles are traveling at the same speed). 

15.2.6.2 F{t) Curves 

For a continuous flow system, F(/), defined as the volume fraction of the 
outlet stream that has remained in the system for a time less than t, can be 
determined by subjecting the inlet stream to a step input of a tracer. By the 
preceding definition, the probability that any element of volume that enters 
the system at time t = 0 has left it within time t is just equal to F(t) and the 
probability that the element is still in the system and will leave at a time 



Figure 15.8. F(t) curve for laminar flow (adapted from Nelson et al., 1987). 
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Figure 15.9. F(t) curve for plug flow (adapted from Nelson et al., 1987). 


later than / is 1- F(t). As it takes a finite time for a fluid element to traverse 
the system, F(t) = 0 at t = 0, and none of the material can remain in the 
system indefinitely, so F(t) — 1.0 at t = oo. 

Laminar flow is characterized by its parabolic velocity profile, in which 
elements in the center of the stream move fastest and will thus leave the 
system before the elements closer to the walls. The F(t) curve for laminar 
flow (Fig. 15.8) is a smooth sigmoidal shape and is symmetrical about / ave . 
Ideally, 50% of the product would exit before the mean residence time. 

The ideal plug flow is characterized by its distinctive flat velocity profile 
in which all the fluid elements across a section of the flow system move at 
the same speed; thus, they exit at a time equal to the mean residence time. 
The F(t ) curve that represents this distribution is given in Figure 15.9. 

If the product flows through a continuous stirred tank reactor (CSTR) 
or a mixing vessel, then perfect mixing is assumed in the reactor. This 
implies that an element of volume, upon entry into the reactor, can 
instantaneously appear in any portion of the reactor. The F(t) curve 
response to an ideal step input is shown in Figure 15.10. Note that any 
change in the reactor inlet stream shows up immediately at the reactor 
outlet. 

There are two situations that can drastically alter the flow distribution: 
channeling and dead space. Channeling is encountered when a portion of 



Figure 15.10. F(t) curve for and ideal CSTR (adapted from Nelson et al., 1987). 
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Figure 15.11. Fit) curve for plug flow in a pipe with a dead space (adapted from 
Nelson et al., 1987). 

the tracer short circuits the flow and leaves the vessel in an unusually short 
time. In this case there will be a large initial rise in the F(t) curve as 
compared to the almost linear increase as seen in Figure 15.10. In the case 
of a dead space, part of the fluid entering the zone is caught in the dead 
space and reduces the flow velocity through the pipe. The F(t) curve for 
plug flow in a pipe with dead space is shown in Figure 15.11. 

15.2.6.3 E(t) Curve 

The E(t) curve expresses the proportion of the volume elements that exit the 
system at a particular time. It is determined from a pulse input. The curve 
is a normalized distribution; thus, the area under the curve is unity. The 
volume elements in the exit stream that have spent less time in the vessel 
than a time t- is 

/ *( 0 *, 

0 

and 1 - J E{t)di 

0 

is the proportion of volume elements in the exit stream that have spent more 
time than /•. 

The curve for laminar flow is bell-shaped symmetrical about / ave . For 
the ideal plug flow, it is a vertical line at / ave ; however, in nonideal situations 
there is some dispersion on either side that gives a very narrow bell-shaped 
curve. In a CSTR, the curve shows a maximum at / 0 that decreases 
thereafter with time. Channeling in a CSTR causes a sharper initial drop as 
the short-circuiting fluid quickly leaves the vessel. A dead space in the case 
of plug flow is revealed by a tailing of the curve caused by the volume 
element that was slowed down in the dead space. 

15.2.6.4 Reduced Time 

In order to compare systems of different sizes, both types of curves can be 
made dimensionless by dividing the time axis by / ave . 
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15.2.6.5 Relationship between the Two Types of Curves 

Assume a tracer is introduced into the flow and that its appearance in the 
outflow is measured. At any time t i that is greater than / 0 only the tracer in 
the outflow could have been in the vessel for a time less than /• - / 0 , and the 
proportion of the tracer in the outflow is equal to the proportion that has 
been in the vessel for a time less than /■ - / Q . This can be expressed by: 

m - / B(t)* 

'o 

or if /q is set to zero, ,, 

m • f 

0 

and 

= E(t) 
dt v ' 

Thus, the derivative of the F(t) curve with respect to time gives the E(t) 
curve. From this, an E(t) curve can be generated from an F{t) curve simply 
by plotting the slope of the F(t) curve for the various times versus time. 
Conversely, integration of the E(t) curve gives the corresponding F(t) curve. 
Integration can be accomplished graphically or numerically. 

15.2.6.6 Statistical Considerations 

The residence time distribution can be expressed statistically by the average 
plus or minus the standard deviation. 

15.2.7 Processing Particulates 

The introduction of particulate matter (i.e., solid food particles) to a 
continuous flow thermal process such as the heat-hold-cool process 
considerably complicates the derivation of an adequate process to assure 
microbiological stability (i.e., commercial sterility). At the present time the 
jury is still out with respect to the manner in which this should be carried 
out. However, a brief review of some of the approaches that are being 
tested is in order. Pflug et al. (1990) has given an excellent review on this 
subject that indicates many of the inherent problems. As for any low-acid 
food, continuous heat-hold-cool process establishment data for foods that 
contain particulates must include all the critical factors peculiar to the actual 
commercial system that may influence process delivery. While the critical 
factors involved when particulate matter is included may be known, it is their 
quantification that is the problem. 

As for any thermal process, the time/temperature profile of the 
particulate matter that is undergoing heating and cooling must be known and 
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quantified if their process lethalities are to be determined. Various 
approaches to determining the process lethalities of the particulate matter 
when contained in a fluid have been advanced. These can be grouped under 
the following: 

• mathematical models and physical measurement, 

• biological. 

15.2.7.1 Mathematical Models 

Mathematical models for continuous heat-hold-cool processes for foods that 
contain particulates are necessarily complex because continuous thermal 
processing systems and the dynamics of particles that flow through such 
systems are themselves quite complex. Many factors influence the rate of 
heat transfer to a particle of food (Chap. 11). For particulates, the most 
apparent critical factors are: 

• particle size and shape, 

• quantity in proportion to the fluid carrier, 

• distribution in the carrier fluid, 

• residence time distribution in the heat exchangers and hold tube, 

• the convective heat transfer coefficient at the flu id-particle interface and 
at the heat exchanger surface, 

• the thermophysical properties of the particulate and the carrier fluid, 

• the configurations of the heat exchangers and hold tube. 

The flu id-particle heat transfer coefficients in the heat exchangers and hold 
tubes and the thermal property values for the particle are probably the most 
difficult to determine accurately; however, they must be known before any 
meaningful calculation or modeling attempt can be made. 

Early attempts at deriving a model assumed infinite heat transfer 
coefficients at the particle surface. While they demonstrated the importance 
of particle size and residence time, they overestimated the lethality received 
by the particles. The application of finite difference or element procedures 
(Chap. 11), which incorporates the effect of a variable heat transfer 
coefficient at the surface of the particle during the heating and holding 
stages, is a more logical approach. The problem is in determining the heat 
transfer coefficients under conditions in which the viscosity of the carrier 
medium varies and under the effect of the manipulations of the various heat 
exchangers. Added to this is the inherent variability of solid foods with 
respect to shape and surface characteristics. 
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15.2.7.2 Particle Residence Times 

The particle residence times in the heating, holding, and cooling stages must 
be known with a high degree of reliability, as they will determine the 
processing requirements. The introduction of particles into the system 
significantly complicates the flow conditions and changes the residence time. 
It is difficult to measure and the variability within measurements is often 
very large and difficult to control. The relative velocities of particulate 
matter and thus their residence time is dependent primarily upon the size 
and shape of the particle, the viscosity of the carrier fluid, and the design of 
the holding tube. McCoy et al. (1987) found that the velocities of individual 
spherical particles moving through a hold tube exceeded the average fluid 
velocity (v ave ) by as much as 85% and that the residence time was longer for 
intermediate-sized particles than it was for larger and smaller particles. In 
contrast to what is commonly believed, this is surprising because the largest 
particle may not represent the worst case situation upon which to base the 
derivation of the process lethality. Sastry (1989) and Berry (1989) studied 
the residence time distributions in a hold tube using model foods with a 
particle concentration up to 6%. The shapes of the distributions and the 
mean and fastest particle velocities were dependent upon particle size, 
concentration, and fluid viscosity, with the fastest particle viscosity 
approaching twice the fluid v ave . Scott and Holdsworth (1994) studied the 
particle residence time distributions of particulate foods in viscous carrier 
fluids for continuous-flow systems. The three products—rutabaga, carrot, 
and swede cubes in 4% (w/w) Colflo 67 starch carrier fluid—all exhibited 
non-Newtonian behavior characterized by the power-law model with the flow 
behavior index (n) in the range of 0.4-0.8. The particle residence time 
distribution results were consistent with non-Newtonian behavior, with the 
fastest-moving particle showing a residence time close to that of the 
theoretical plug flow residence time, rather than the theoretical minimum 
residence time for laminar flow of a Newtonian fluid. 

There still remains much to be learned about the flow behavior of 
particulate matter, both in heat exchangers and in hold tubes. At the 
present stage of the art, it is still best to approach on a case by case basis. 
Tests should be conducted that use the actual food product flowing steadily 
through the system. 

15.2.7.3 Heat Transfer Coefficients 

As shown in Chapter 11 and in the previous section, heat transfer 
coefficients are important parameters in deriving a mathematical model for 
heat transfer, especially in the case of particulate matter suspended in a fluid 
medium. When a food consisting of particulate matter dispersed in a fluid 
medium is heated indirectly in a heat exchanger, the liquid portion relatively 
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quickly attains the desired process temperature, whereas the particles lag 
behind considerably. This is because the residence time in the heat 
exchanger is relatively short and is usually timed for the liquid phase. In 
addition, the transient conduction heat transfer rate inside the particle is 
low. Thus, the center temperature of the particle will be many degrees 
below the processing temperature by the time it leaves the heat exchanger. 
The degree to which the center temperature will be lower depends upon the 
size or mass of the particle and its thermal transfer properties (e.g., thermal 
diffusivity). In a heat-hold-cool system, the remainder of the particle heating 
will take place in the hold section. The particles are heated indirectly from 
the carrier fluid. Consequently, the fluid/particle convective heat transfer 
coefficient and the ever-important driving force—the temperature 
differential—determines the rate of heat flow to the particle. Heat flow will 
not be the same in the hold tube as it is in the heat exchanger; it will even 
vary depending upon the type of heat exchanger. However, as the particle 
takes on heat in the hold tube, the temperature of the carrier medium will 
decrease in proportion. 

While the temperature of the carrier medium can be continuously 
measured in a continuous system, neither the temperature nor the heat 
transfer coefficients of particles can be measured while in continuous flow. 
Most of the values for particle heat transfer coefficients reported in the 
literature were carried out on a stationary particle exposed to a flowing 
heating medium maintained at a constant temperature (Dignan et al., 1989; 
Pflug et al., 1990). While the values obtained provide some valued insights 
into the problem, they do not truly represent the effect of the movement of 
an unconstrained particle in a flowing carrier medium on the heat transfer 
coefficients. Most of the workers in the field do agree that the magnitude 
of the surface heat transfer coefficient is a relatively small finite value and 
yields a considerably different temperature profile than that which would 
occur if it were infinite. 

Although it is important to include fluid/particle heat transfer 
coefficients in a mathematical model, they must be justified. As the use of 
an infinite heat transfer coefficient will result in significantly higher predicted 
center temperature in the particle and a commensurately shorter required 
residence time, they should not be used in a mathematical model. The 
mathematical model used to formulate a scheduled process for a heat-hold- 
cool process should be identified. The identification should include the 
following (Pflug, 1990): 

• justification for any contribution of the heating section to the lethality, 

• justification for the assumed residence time distributions for the particles 
flowing through the sections, 
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• verification of the applicability of any empirically determined convective 
heat transfer coefficients or other thermophysical properties that influence 
the heat transfer to the particle, 

• a list of the limiting conditions for application of the model with regard 
to operation of the commercial system, 

• experimental validation of the mathematical model. 

15.2.7.4 Simulation Systems 

Since the present state of the technology does not permit measurement of 
the center temperature of a particle free flowing in a continuous heat-hold- 
cool system, process simulation trials are used. These are usually based on 
the measurement of the temperature within a stationary particle as the 
heating medium flows past. Of course, this does not truly replicate the heat 
transfer in a particle allowed to move freely under the influence of the flow 
current and pattern of the carrier fluid. It is also difficult to reproduce the 
temperature profile of the carrier medium that occurs under production 
conditions. There is also the question of zero velocity (i.e., when the carrier 
fluid and the particle flow together at the same rate). Channeling can also 
occur along the sensor probe into the particle center, giving an erroneous 
reading. 

When simulations are used, the velocity and flow pattern of the carrier 
or heating medium must be known and controlled so that the data attained 
can be truly representative of the actual relative velocity between the particle 
and the heating or cooling medium. Simulation experiments or trials can 
give valuable data that can be used to reconcile data generated by a 
mathematical model or biological validation trials. 

15.2.7.5 Biological Validation 

A general requirement in biological validation is that the microbiological 
procedures be quantitative and yield a quantitative and meaningful result. 
The test results are those of an unknown that are compared with known 
values or calibration. Both the unknown and known must be obtained under 
the same experimental conditions. 

The prime objective of a biological challenge test is to determine or 
validate the temperature/time sequence of the process that will produce the 
required lethality. While this is relatively straightforward for homogeneous 
fluid products, it is considerably more complicated for heterogeneous 
products that contain particulate matter. 

For the homogeneous fluid products, Nelson et al. (1989) has described 
a procedure that has found general acceptance among processing specialists 
and regulatory agencies. Once the hold tube length, process temperature, 
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and product flow rate have been derived and the system has successfully 
completed trial runs, inoculated packs of product should be conducted for 
confirmation of proper system operation. These are conducted by 
inoculating the product with an appropriate test organism whose thermal 
resistance is known in the product, followed by processing at the maximum 
flow rate that may be used in the process. Temperatures will be varied 
during the tests to yield product processed over a range of lethalities. Five 
temperatures are generally used, and the pack is run continuously; starting 
with the highest temperature and then adjusting the temperature downward 
to the next target temperature. In most cases, the temperatures used 
bracket the normal process temperature, and the organism used has a 
thermal resistance sufficiently high to ensure survivors, at least at the lower 
temperatures. 

At least 100 packages that contain inoculated product should be 
collected from each temperature interval, and then incubated and monitored 
for spoilage. Results should correlate with calculated lethality delivered by 
the system at each temperature. They should confirm operation of the 
equipment. 

The protocol for a biological validation can be divided into three groups 
(Pflug et al., 1990): 

• standardized operations. 

• process validation operations, 

• spore validation operations. 

The standardized operations involve growing the spores, recovering and 
cleaning the spore crop, suspending the spores in an appropriate solution, 
spore recovery operations, and data analysis. They must be controlled so 
that the procedures are always the same for the calibration and validation 
of the test operations as well as in the tests to validate the heat resistance 
of the spores that will serve as the test instrument. The validation consists 
of standardization tests to confirm that the spores used are of the required 
heat resistance. 

In the process validation operations, the spores are prepared for the 
actual test program, introduced into the test medium, and recovered from 
the medium following treatment. Aliquots of the same spore-product batch 
are calibrated in a controlled or known heating system. To measure the 
effect of the proposed thermal process, all environmental conditions (i.e., 
product formulation, spore concentrations, and thermal resistance) must be 
the same as those used in the calibration tests. The evaluation is made by 
comparing the results from the product trials (unknown) with the calibration 
(known). For the homogeneous fluids, the test spores are calibrated by 
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determining their thermal resistance in the product (D and z values) by the 
methods discussed in Chapter 4. 

In the case of particulate matter, different methods have been used, with 
each having advantages and disadvantages. These can be grouped under the 
following headings: 

• Bacterial spores in a carrier located at the center of a particle of food, a 
biological thermocouple, 

• Particles of food inoculated with bacterial spores, 

• Simulated particles inoculated with bacterial spores, 

The biological thermocouple system has been used in Europe and North 
America for about 20 years. In this method the test spores are encapsulated 
in a carrier so that they are not in contact with the food product and are not 
affected by the food; rather, they are affected only by the heat (i.e., 
temperature/time sequence). Upon completion of the test, the spores are 
easily and completely recovered. An appropriate test requires the 
preparation of hundreds of inoculated sealed carriers, with each containing 
the same number of spores from the same crop (generation). The surviving 
spores are enumerated before and after the test. The inoculated spore 
carriers are calibrated so that the survivor versus F value ratio is known. 

Hersom and Shore (1981) inserted 5-mm-diameter capillary bulbs 
containing 10 6 B. stearothermophilus spores into the center of carrot cubes. 
The hole used for inserting the bulb was then sealed with a plug of carrot 
to keep it separated from the carrier fluid. The treated cubes were covered 
with gauze for later identification. At least 100 prepared cubes were used 
in each test batch, which were analyzed for the number of survivors after 
completion of the process. The preservation level of the process was 
interpreted on the basis of the calibration data, which gave an estimate of 
the F value delivered at the particle center. 

The advantages of the biological thermocouple method are: 

• As the spores are not in contact with the food, they can be calibrated in 
their carriers independently of the food product, 

• As the spores are contained, they can be completely and totally recovered 
as long as the carrier remains intact, 

• Only a representative sample of the total number of units prepared are 
required for the calibration, 

• All the spores are contained in the center zone (i.e., in the case of 
Hersom and Shore, they were within an approximately 4-mm-diameter 
sphere at the center of a cube with approximately 19-mm sides), 

• Because a calibration curve is available, the number of survivors in each 
carrier and the resultant F value can be determined without having to 
measure /Vq and D values. 

While this is the same as determining the center temperature, the effect of 
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the product, other than the heat conduction, is not. Product parameters, 

such as pH, oxidation-reduction potential, and so on, can have a profound 
effect on the thermal death of spores. This would have to be determined 
separately from the test. The preparation is certainly laborious and hence 
costly, especially if a number of replicate runs are required. In addition, as 
for all biological methods, it requires considerable laboratory resources and 
expertise in the production of reliable spore crops, their calibration, and so 
on, which is a resource that is not commonly found in a food processing 
organization. 

An obvious alternative is to inoculate the slowest-heating portion of the 
particle (center) with a known number of spores and subject them to the 
prescribed thermal process following the same procedure as for 
homogeneous fluids. After the process, the inoculated particles are 
collected, survivors are determined, and D values are calculated, or they can 
be packaged into units and incubated as for the homogeneous fluids. The 
latter procedure would require a considerably greater number of inoculated 
particles in order to obtain the required 100 minimum number of units. The 
inoculated particles could be identified in a manner similar to that used by 
Hersom and Shore. Like the preceding method, the particles must retain 
their original shape and size as any disintegration would alter the results. 
To mimic the worst case scenario, the particles should be recovered just 
after exiting the hold tube and cooled rapidly and immediately, a procedure 
that is not easily realized in operational equipment. Both the calibration 
and validation tests must be run under identical conditions. Replication is 
essential to produce reliable calibration data and to measure the 
reproducibility of both the validation tests and the processing system. 

The interpretation of the test results in terms of the calibration is not 
as straightforward as it may seem. The calibration and validation are seldom 
done under the same conditions. In the calibration, the thermal death of the 
microorganism or spores is determined, after any correction for CUT (Chap. 
4), under conditions of a constant temperature. This is not the condition 
achieved when a particle is subjected to conduction heating. The test result 
in the particle is usually an integrated destruction characteristic of 
conduction heating, as there is no guarantee that the spores will continue to 
be located at the product center. Location of the spores within the particle, 
just after inoculation, and after processing is a difficult and perhaps 
impossible task. However, there is the aspect that a diffusion of the test 
organism or spores throughout the product may be closer to the actual life 
situation for contaminated product. Seldom, if ever, is a product 
contamination located only at the product center and at high concentrations. 
There is also the possibility that there will be a loss of organisms or spores 
through diffusion from the particle, another factor almost impossible to 
determine with any degree of precision. There is also the question of the 
residence time. The fastest moving particle cannot be identified; therefore, 
the recovered particles can only represent the mean residence time. 

The drawbacks in the use of simulated particles inoculated with known 
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numbers of spores are the same as given for the preceding method. There 
is one difference in that the test spores are usually distributed equally 
throughout the particle. As such the results are an integrated sterilization 
value rather than a center point value. If an inoculated particle (e.g., 
alginate) is used to simulate an actual food product particle, then the 
following should be addressed and resolved: 

• All conditions that may affect spore destruction rates must be the same 
for both the calibration and validation tests. 

• Spores may leach from the particles and therefore the effective N 0 must 
be determined. 

• The interpretation of the count-reduction data obtained during testing of 
the actual system using the calibration test data must be done with parity 
of Nq value or a validated adjustment. If there is an Nq adjustment, then 
it must apply to all calibration values. 

• Even distribution of the test organisms throughout the particle results in 
an integrated or mean value. 

15.3 Sterilization of Food Contact Surfaces and Packaging 

For the aseptic packaging of specific product, four factors have to be 
adapted to the product and coordinated with each other: the packaging 
material, the sterilization process for the packaging material surface, the 
packaging machinery, and the packaging environment. 

The sterilization process should meet the following requirements: 

• good sporicidal efficiency within available time (low D values), 

• compatibility with surfaces treated, especially packaging material, 

• easily removed from surface, minimum residue, 

• present no health hazard to the consumer, 

• no effect on product quality in the case of unavoidable residue or 
erroneous high concentration, 

• present no health hazard to operating personnel, 

• compatibility with environment, 

• not corrosive to surfaces treated, 

• reliable and economic. 

The following processes generally meet these requirements and are 
currently used in commercial operations: 

1. Physical processes 

• Thermal — saturated steam, 

superheated steam, 
hot air, 

hot air/steam mixtures, 
heating by extrusion. 
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• Irradiation — infrared (0.8-15 x 10' 6 m), 

ultraviolet (254 nm), 
ionizing rays. 

2. Chemical processes 

• hydrogen peroxide (20-30%), 

• peracetic acid. 

15.3.1 Thermal Process 

Microorganisms, especially spores, show greater thermal resistance when 
exposed to dry heat than moist heat. Reaction velocity for their destruction 
depends on how rapidly the heat from the thermal carrier can be transferred 
to the cell. The heat transfer coefficient is best for saturated steam, less for 
superheated steam, and least for hot dry air. All have the common 
parameters, temperature, and time. The higher the temperature differential, 
the greater the heating rate and the greater the destruction, and, for any 
temperature, the longer the time, the greater the destruction. 

When heat is used, the nature of the surface must be considered. 
Plastics or carton packaging with their low conductivity are more difficult to 
thermally sterilize than are metal containers. In addition, plastic materials 
generally have a low thermal stability and can be permanently deformed by 
the time/temperature sequences necessary to achieve sterilization. 

Heat does not deposit any hazardous or undesirable residues on the 
surface being treated. It presents no environmental hazard other than the 
means for generating the heat, and it is nontoxic. 

15.3.1.1 Saturated Steam 

Sterilization of metal cans and lids by saturated steam under pressure was 
used as early as 1920 in the United States and is used today for sterilizing 
thermostable plastic cups. To attain adequate destruction in the short time 
available in high-speed packaging units, the surface temperature of the 
material must reach 135°C (275°F). The technological problem is to obtain 
a sufficiently high surface temperature to achieve the required sterility in a 
time consistent with high production rates and to avoid softening and 
deformation of the material. As the steam condenses in the air, the heat 
transfer is considerably reduced, which prolongs the treatment time. For 
treatment of surfaces by saturated steam, air must be removed to maximize 
the heat transfer, and condensation takes place only on the surface being 
treated. Molded polystyrene cups and foil lids are subjected to saturated 
steam at 165°F (329°F) and 6 bars (87 psi) immediately after deep drawing. 
At the same time the external cup surface is cooled to limit the effect of the 
short-time heat application on the material. Cerny (1982) has reported a 
reduction of 5-6 log cycles for B. subtilis. It should be noted that this 
organism is not generally recommended for validation of steam sterilization. 
Polypropylene cups that have higher thermal tolerance can be treated on 
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both surfaces at lower temperatures and longer times, 140-147°C 
(284-297°F) for 4-6 seconds, in a pressure chamber. The complication is 
that air must be removed from the chamber; hence, it is alternatively loaded 
with the cups and unloaded after treatment with the air being evacuated in 
each cycle. Lid foil can be treated continuously by passage through a 
pressure lock. Similar to slightly higher count reductions were obtained than 
that cited earlier. Saturated steam is a preferred treatment method for 
sterilizing metal food contact surfaces downstream from the hold tube, 
including sterile hold tank, homogenizers, fillers, and the aseptic packaging 
zone. 


15.3.1.2 Superheated Steam 

The Martin-Dole process continuously sterilizes tinplate cans by passage 
through 220-256°C (428-493°F) superheated steam at normal pressure for 
45 seconds. The time for aluminum cans is reduced by about 20% due to 
their higher conductivity, and the temperature is reduced to 232°C (450°F) 
for soldered cans. 

15.3.1.3 Hot Air 

Combi-cans of cardboard laminates (i.e., aluminum and paper) are sterilized 

in hot air at 145°C (293°F) for 3 minutes (Reuter, 1987). This method has 
only been found suitable for products that have a pH < 4.5. 

15.3.1.4 Steam/Hot Air Mixtures 

Steam/air mixtures are used to sterilize polypropylene cups and lids that have 
a thermal stability of 160°C (320°F). Count reductions on the order of 3-4 
logs are claimed (Amman, 1984). 

15.3.1.5 Heating by Extrusion 

Temperatures of 180-230°C (356-446°F) can be reached during the 
extrusion of granulated plastics as a pretreatment for a subsequent blow 
molding operation. The melting process lasts about 3 minutes; however, the 
temperature distribution may not be uniform and the residence time is 
variable. Reports as to the efficacy of this heating method (Reuter, 1987) 
vary considerably. It would be prudent to validate any application of this 
method on a case by case basis. 

15.3.2 Irradiation 

As irradiation does not leave any residue on the treated surface nor affect 
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the immediate environment, it appears at first sight to be a perfect solution 
for sterilization of inert surfaces. 

15.3.2.1 UV-CRays 

The microbiocidal effect of UV rays lies in the range of 200-315 nm, with 
an optimal effect being between 250 and 280 nm, the so-called UV-C range. 
UV radiators should have a high-energy ratio, usually between 80 and 95%, 
at the 253.7 nm band. The attack point in the microorganism cell is the 
DNA, which changes under the influence of the rays. If UV-damaged cells 
are incubated in higher bands of light, then an activation of part of the cells 
may take place (although not in every cell group). In many bacteria, a 
reactivation by participation with certain enzymes is also possible in the dark 
(Kiefer, 1977). The lethal irradiation dose is defined as the product of 
irradiation intensity and time and expressed in terms of milliwatts per second 
per square centimeter (mW/s/cm 1 2 ). Gram-positive bacteria require twice the 
dosage of gram-negative bacteria, and five to 10 times for bacterial spores. 
Mold spores, particularly those that have dark colors (e.g., Aspergillus niger) 
are especially resistant and require dosage levels 20-100 times higher 
(Wallhauser, 1978). The varying vulnerability of microorganisms depends on 
their capacity for color formation. Yellow and red cocci are more resistant 
than those that have no color. Color inlays in mold spore walls obstruct the 
UV penetration and are the cause of their higher resistance. Mercury high- 
density discharge lamps with a wavelength of 254 nm and a diameter of 
about 10 mm and 1.5 m length are generally used. A typical UV-C radiation 
intensity is between 0.5 to 1.5 W/cm 2 at a distance of 10 cm. Laboratory 
tests using an energy density of 30 mE/cm 2 5 on artificially contaminated 
smooth, even, and dust-free surfaces and an irradiation time of 4-6 seconds 
showed a 4-5 log reduction (Cerny, 1977). 

The rate of microbial reduction in the sterilization of smooth surface 
plastic cups and lids by UV-C irradiation at a constant radiator output 
depends upon a number of factors (Cerny, 1977): 

1. Dust particles deflect rays from the surface, the shadow effect. 

2. At contamination levels in the range of 10 6 cells/cm 2 on a polyethylene 
surface a steeply leveling destruction curve was obtained. The reduced 
death rate at the end of the treatment (tailing) was attributed to a shadow 
effect caused by cell clumping. However, as levels from 0.5 to 10 
cells/cm 2 are normally encountered, clumping and its subsequent effect 
can be discounted. 

3. The distance from the radiation source. 

4. The angle of incidence of rays onto the treated surface. 

5. The geometry (i.e., shape) of the package and of the radiating source. 

6. The ambient humidity, as double the dose for destruction is required in 
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air that has less than 32% relative humidity as compared with that in air 

at 72%. Increasing the RH to 80% results in further reductions in the 

death rate. 

Because of these restrictions, UV irradiation under practical conditions 
only allows count reduction of 2-3 logs, and mold spores can be particularly 
resistant. Higher count reductions can be obtained by prior treatment of the 
surface with cold hydrogen peroxide and by ensuring that the surface is dust 
free (Cerny, 1977; Bernard, 1983; Ito and Stevenson, 1984; Wainess, 1982). 

Kodera (1983) obtained a patent for both the method (UV light plus 
organic acid or hot water) and apparatus for sterilizing packaging film. The 
reported advantage of this method is that organic acids and water are not 
toxic. UV irradiation and a citric acid solution resulted in approximately a 
six log cycle inactivation of B. subtilis spores within 5 seconds. Doyen (1973) 
described an aseptic packaging machine that used both an alcohol bath and 
high-in tensity UV radiation for sterilization of flexible plastic pouches. The 
film was washed in 95% ethanol for 20 seconds and then passed under a 
flow of 10 mW/cm 2 of UV for 30 seconds. 

15.3.2.2 Infrared Rays 

Infrared rays in the waveband 0.8-15 x 10" 6 are easily generated. On an 
absorbent surface they are converted into sensible heat, producing an 
increased temperature. The energy impact on the surface that is convertible 
into heat is dependent on the same geometric conditions as those outlined 
for UV rays. Thus, infrared irradiation is best applied to smooth even 
surfaces with vertical radiation incline. This method has been used to treat 
the interior of aluminum lids with a plastic coating on the exterior surface. 
As the temperature rise can cause a softening of the plastic, the maximum 
temperature and exposure time are limited. The temperature achieved by 
the treatment cannot be readily measured other than by experimental 
testing. Practical experience has shown count reductions on the same order 
as those for UV irradiation. 

15.3.2.3 Ionizing Rays 

Ionizing radiation of primary interest includes a-rays, X-rays, and /3-rays. 
Bags used in bag-in-box aseptic packaging are currently sterilized with a-rays 
from a 60 Co source. The more complex the organism, the more sensitive it 
is to radiation. 

Radiation kills bacteria in the same logarithmic fashion as heat, and D 
values for many organisms have been reported. A dose of 4.7 Mrad is 
considered a 12D level for C. botulinum , which are the most radiation- 
resistant spores of public health and spoilage significance (Urbain, 1978). 
The effect of water activity on irradiation by 60 Co a-rays was investigated by 
Harmulv and Snygg (1973). Dosage levels to inactivate 90% of B. subtilis 
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spores increased from 0.23 to 0.42 Mrad as the water activity (a w ) was 
decreased from 1.00 to 0.00. For a 99.9% reduction (3 log) of B. 
slearothermophilus spores, the dosage increased from 1.7 Mrad at an a w of 

1.00 to 3.00 Mrad at 0.00. 

While radiation can be quite effective, the equipment is expensive, as is 
the protection for workers and the environment. Workers are not usually 
willing to work in such an environment. 

15.3.3 Chemical Methods 

15.3.3.1 Hydrogen Peroxide (H 2 0 2 ) 

Many aseptic packaging systems use hydrogen peroxide at concentrations 
from 30 to 35% as a sterilant for packaging materials and other food contact 
surfaces followed by hot air (60-125°C) to augment the sterilizing effect and 
to dissipate residual H 2 0 2 . Cerf and Metro (1977) observed that the 
survival curves for some organisms may not be linear and are dependent 
upon temperature, peroxide concentration, and whether the organisms are 
present as single isolated cells, spores, or in clumps. The moisture state (i.e., 
wet vs. dry), pH, storage conditions, presence of metal ions, and ultraviolet 
radiation are other factors that affect the activity of hydrogen peroxide. 
Spore resistance to hydrogen peroxide has been reviewed by Ito et al. (1973) 
and Stevenson and Shafer (1983). 

At ambient environmental temperatures, the activity of H 2 0 2 is relatively 
slow; however, this can be increased considerably by raising the temperature 
to 85-90°C (185-194°F) and/or increasing the concentration (Swartling and 
Lindgren, 1968; Smith and Brown, 1980; Leaper, 1984; Toledo et al., 1973). 

Consistent with observations for heat and irradiation, dry spores are more 
resistant than wet spores. Toledo et al. (1973) reported that D values for 
dry B. subtilis SA22 spores were about double that for wet spores. Their 
observations were supported by those of Leaper (1984). Thus, it has been 
advised that when testing the packaging materials for efficacy of hydrogen 
peroxide, the applied spore suspension should be allowed to dry before 
testing (Toledo and Chapman, 1973). Smith and Brown (1980) observed 
that acidification of the medium reduced the resistance of B. subtilis var. 
globigii to 10% H 2 0 2 , and Cerf and Hermier (1972) noted that the sporicidal 
action was not pH dependent in the earlier portions of the survival curve, 
but rather in the latter stages. 

To attain the reported microbial reductions it is important that the 
microorganisms that adhere to the surfaces are freely exposed to the 
sterilant. Spores beneath or within dust particles attached to the surface are 
considerably more difficult to inactivate. Spores that are lodged beneath or 
encapsulated by insoluble aggregates or organic or inorganic material are 
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particularly resistant. For this reason some form of precleaning to remove 
dust and aggregates prior to the treatment is prudent, and in some cases the 
treatment time must be increased accordingly or a more rigorous treatment 
(e.g., saturated steam) used. 

There are three commercial methods for applying hydrogen peroxide to 
packaging materials: dipping, spraying, and rinsing. 

Dipping. The packaging material (i.e., plastic laminates with cardboard, 
films of thermoformable plastics and laminates) are taken from a reel and 
dipped into a bath of aqueous 30-33% hydrogen peroxide (Reuter, 1987). 
Wetting agents are added to ensure uniform wetting of the surfaces. Excess 
solution is removed by squeeze rolls or air jets after removal of the material 
from the bath, which leaves a thin film of solution that is then dried by the 
application of hot air. Count reductions on the order of 4-5 logs are 
claimed. To increase the efficacy, especially in the case of dusty or slightly 
soiled material, prior treatment of the material with rotating brushes, sterile 
compressed air jets, or ultrasound applied to the bath may be added. 
Additional reductions on the order of 2-4 log cycles are claimed (Reuter, 
1987). 

Spraying. This is the method (Reuter, 1987) for preformed containers in 
which the H 2 0 2 is sprayed in the form of small dispersed droplets into the 
container. Spraying does not result in a cohesive film due to the 
hydrophobic characteristics of plastics; rather, only 30-40% of the inner 
surfaces the container are covered. The droplet size distribution, between 
2 and 80 /Am, and the distribution of the droplets on the inner surfaces of 
the various geometric shapes of the containers are problematical. The 
efficacy is dependent upon the volume of solution sprayed; however, the 
larger the volume, the longer the drying time. The drying must be carried 
out with hot sterile air. Improved aerosol sprayers can limit the droplet size 
to 2-4 /Am and increase the coverage to 60% while permitting reduced 
volumes of peroxide solution to be applied; hence, the drying time. This 
method is being replaced by the use of a mixture of hot air and vaporized 
peroxide. The peroxide solution is vaporized in a stream of hot (130°C) air 
in an evaporation chamber. 

Rinsing. Prefabricated, intricately shaped containers for which the spraying 

process is unsuitable can be rinsed with an aqueous 30-33% H 2 0 2 solution. 
For ambient temperature sterilization this can be combined with peracetic 
acid. The containers are drained, allowed to drip dry, and then completely 
dried by hot sterile air. Glass containers, metal cans, and blow-molded 
plastic bottles are treated in this manner. 
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15.3.4 Assessment of Sterilant Efficacy 

As is the case for thermal treatments, it is important that the treatment of 
surfaces, particularly packaging, with a sterilant (e.g., physical or chemical) 
be validated. Methods for this are limited. For the packaging materials, 
known concentrations of test organisms can be applied evenly to the surface 
and numbers of survivors determined after the treatment. One method is 
to fill the test containers aseptically after the treatment with the product, 
incubate the test containers, and examine them for evidence of spoilage. 
While this is more time consuming and expensive, it does test the survival 
under normal product conditions. The other method is to determine the 
survivors directly on the treated surface. As many microorganisms are 
known to adhere to surfaces, their removal by rinsing or swapping techniques 
may not give a true picture of the survivors. Techniques that use vital dyes 
can improve the recognition of survivors and require special equipment and 
expertise. 

One of the critical problems in the enumeration of survivors is that of 
sublethal injury. Injury is defined as the inability to grow on selective 
medium that supports the growth of noninjured cells and the ability to 
recover microbial growth on nonselective complete medium. The aspect of 
thermal sublethal injury has been discussed in Chapter 4. However, the 
same situation arises with irradiation and chemical treatments. As has been 
seen in the case of thermal injury, the injured cells or spores can become 
active and grow, depending upon the medium and time. The type of 
stresses, the species of microorganism, the extent of cell or spore damage, 
and recovery media (or food product) and conditions are all important when 
trying to establish the sterility of aseptic processes, especially food-contact 
surfaces. 

15.3.4.1 Radiation Injury 

Ionizing and UV radiation have caused injury in microbial spores (Busta et 
al., 1981; Foegeding and Busta, 1981; Grecz et al., 1978). Ionizing 
irradiation caused single-stranded DNA breaks and sensitivity to 
temperature, pH, gases, and media that contained salt (Busta et al., 1981; 
Foegeding and Busta, 1981). 

15.3.4.2 Hydrogen Peroxide Injury 

Foegeding and Busta (1983) noted that hydrogen peroxide caused 
enumeration and germination problems in C. botulinum spores. Neal and 
Walker (1977) reported an increase in recovery of B. cereus spores from 
H 2 0 2 -treated surfaces obtained when 0-0.5% starch was added to the 
medium. Addition of glutathione to the medium resulted in increased 
recovery of H 2 0 2 -treated spores of PA 3679. The greatest recovery was 
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generally observed at pH 7.3. Wallen and Walker (1979) subsequently 
evaluated media for the recovery of peroxide-treated B. subtUis var. niger 
spores and noted that glucose and yeast extract were important components 
for the recovery of injured spores. Addition of vitamin-free casamino acids, 
manganous sulfate, and ferrous sulfate to the medium plus maintenance of 
the pH at 7.0 also helped in stimulating recovery of spores exposed to the 
peroxide. Since H 2 0 2 is used as the sterilizing agent for aseptic processing 
equipment and packaging materials, the survival of spores to this treatment 
must be adequately evaluated. 

15.3.4.4 Package Sterility — A Practical Outlook 

The various statements and reports on the efficacy of the various methods 
for sterilizing packaging and food contact surfaces have dealt primarily with 
challenge studies. These studies applied known quantities of bacteria, 
usually spores, to the surface, dried them, and then exposed them to a 
sterilizing treatment. The numbers of spores applied far exceeded those that 
would be encountered normally on packaging and on previously cleaned 
food contact surfaces. Therefore, any realistic approach to quantifying the 
probability of survival of an organism capable of contaminating and growing 
in the food must take into account the actual contamination levels 
encountered. 

Cerny (1976) concluded from his studies on the levels of contamination 
found on packaging material for aseptic packaging that of the total number 
of existing cells found on the surface, only 3% are spores. Sturm (1977) 
established values of 40-1000 microorganisms/m 2 on plastic films and Voss 
(1973) found 0-30/m 2 on commercial plastic films. Swarthing and Lindgren 
(1966) reported finding 200 cells/m 2 on PE-coated cardboard on reels as 
used for UHT-milk packaging. In preliminary studies on bonded laminate 
packaging material Leaper (1988) found levels on both reel-fed and blank- 
fed material obtained from the manufacturer’s sites as low as <0.04/m 2 from 

r\ 

a swabbed area of 4.8 m . However, when the packaging material was 
sampled at the user sites counts, varied from 0 to 68/m 2 , which included 
yeasts, fungi, Gram-negative cocci, and Gram-negative bacilli. The highest 
levels were found on the packaging materials that had been handled by the 
operators. With carefully controlled production of lacquered, printed, and/or 
extruded aluminum foil, the counts were 262/m 2 (Sturm, 1977). For the 
worst case, it can be assumed that under normal conditions for packaging 
surfaces on reels (e.g., plastic films, laminated cardboard), surface counts 
could be as high as 1000/m 2 or 30 spores/m 2 . On the inner surfaces of 
prefabricated plastic cups of 160-190 cm 2 an average of 22-55 cells per cup, 
which corresponds to 1375-3450/m 2 for the larger cups, and 1150-2800/m 2 
for the smaller, were found (Voss, 1973). 

If the worst case for packaging contamination by the more resistant spores 
is assumed, then the nonsterility rate can be calculated by: 
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F S =*>A 

2 s R 

where N = spore count/m , 

R = count reduction (log) 

A = surface ares (m 2 ). 

A 1-L carton fabricated from reel stock has an internal surface area of 0.075 
m 2 , thus assuming 30 spores/m 2 ; for a 6-log reduction, the nonsterility rate 
would be 2.3 x 10" 6 . For prefabricated 150-ml plastic cups with an internal 
surface area of 0.018 m 2 that may have been exposed to dust, and so on. 
During transit, a maximum spore count of 90/m 2 can be assumed, giving a 
nonsterility rate of 1.6 x 10' 6 for a 6-log reduction process. 

Microbial contamination of food-contact surfaces, especially those of 
packaging materials is seldom, if ever, uniformly distributed on the surface; 
rather, it is distributed in clumps or aggregates, whether from dust or 
handling. This can give rise to localized higher levels than would be 
apparent when using the figures quoted. For this reason, cleaning of a food- 
contact surface prior to disinfecting or sterilization is always recommended 
and should be followed. The same rule applies to packaging materials. 
Packaging materials should be produced, transported, stored, and handled 
in a manner that the surfaces are protected from environmental and 
handling contamination. In addition, the material surfaces, especially those 
that will come into contact with the product, should be mechanically cleaned 
(dry cleaning) prior to sterilization. 


15.4 Sterile Air and Other Gases 


Sterile air has an important role in aseptic packaging. It is used in sterile 
holding tanks. As product is withdrawn from sealed sterile holding tanks, 
the head space pressure will drop, creating a partial vacuum. This can have 
two effects. First, the pump efficiency will decrease as it must work against 
the negative pressure in the tank, and, second, the negative pressure can 
lead to seepage of nonsterile air from the environment into the tank. An 
overpressure of sterile air or other inert gas is induced and maintained to 
facilitate the product removal and to deny any ingress from the environment. 
Sterile air is also used in the enclosed sterile filling and packaging sections 
to maintain a slight positive pressure in relation to the environment. Some 
sterile and filling packaging systems (e.g., Tetra-Pak) use sterile air to 
remove excess hydrogen peroxide from the packaging material surfaces and 
to maintain a sterile condition in the filling. 

Sterilization may be achieved by heating the air and/or by passage through 
sterilizing filters. High-efficiency particulate air (HEPA) filters are used in 
conjunction with low-pressure blowers, whereas filtration through candle-type 
filters requires compressed air. Filtration materials must be seated in a leak- 
free manner and not be damaged in any way that would permit 
microorganisms to bypass the filtering system. Excessive accumulation of 
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soil on a filter surface will reduce the flow characteristics and the efficiency 
of the system. Air is also sterilized by heat at temperatures around 350°C, 
either by incineration or by passage through a heat exchanger. For some 
applications, the sterile air must be compressed following sterilization to 
provide adequate pressures. 
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ASEPTIC PROCESSING AND 
PACKAGING: COMMERCIAL 

APPLICATIONS 


16.1 INTRODUCTION 

The technological aspects peculiar to aseptic processing and packaging 
systems were discussed in Chapter 15. The prime objective of any 
commercial application is to carry out a microbiologically efficient thermal 
treatment at a high temperature for a short time (HTST) or an ultrahigh 
temperature for an even shorter time (UHT) in order best to preserve the 
nutritional and organoleptic qualities. Most installations are designed to 
economize the thermal energy used and to minimize the utilization of labor. 
As an outcrop of modern processing technology, they are highly automated. 
The continuous operations lend themselves to the use of clean-in-place 
(CIP) and sterilize-in-place (SIP) fully automated systems. Like 
conventional canning, there are some general hygienic and control practices 
applicable to all systems. 

16.2 GENERAL HYGIENIC AND CONTROL CONSIDERATIONS 

These have been clearly stated in The Recommended International Code of 
Hygienic Practice for Aseptically Processed and Packaged Low-Acid Foods, 
CAC/RCP 40-1993 of the Codex Alimentarius Commission. The following 
is a resume of the pertinent aspects of this code of practice and the reader 
is advised to consult the original document for specific details. 

16.2.1 Raw Materials, Water, and Packaging 

The selection, acceptance, inspection, storage, and preparation of raw 
materials to be used in an aseptic processing and packaging process have 
been covered in Chapters 5-8. The use and quality of water is covered in 
Chapter 14. The storage, inspection, cleaning, control, and inspection of 
closures were discussed in Chapters 9 and 10 of Part III. All the aspects 
covered in the referenced chapters are applicable to aseptic processing and 
packaging systems. 
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16.2.2 Establishment of a Scheduled Process 

Traditional methods for deriving and verifying a thermal process used in 
conventional canning requires some modification for the heat-hold-cool 
aseptic processing systems. The technological aspects were discussed in 
Chapter 15. The essential elements in the establishment a thermal process 
capable of producing a microbiologically stable (i.e., commercially sterile) 
food product are the same as for conventional canning, the heating 
characteristics of the food and the inactivation kinetics (thermal resistance) 
of specific target microorganisms. As discussed in Chapter 15, the product 
is heated to the required sterilization temperature, held for a specific time 
at that temperature to attain the desired lethality (F Q ), and then rapidly 
cooled. Particulate matter in the product may also be heated in the holding 
stage. The flow rate of each and every particle during the heating, 
particularly in the holding stage, is critical. Therefore, it is essential that the 
rate of flow for the fastest particle or the shortest particle retention time be 
accurately determined for each product flow rate; length, dimension, and 
design of the hold tube or section; and product type and characteristics. 
Methods for determining flow rates, retention times, and distribution were 
discussed in Chapter 15. Mathematical formulas (Chap. 15) have been 
developed for the calculation of minimum residence time required by a 
product to achieve microbiological stability. As discussed, these models 
incorporate the flow rate, physical dimensions, and design of the hold 
section and the rheological properties of the product. Properly designed and 
conducted product studies should be used in support of the establishment 
and validation of a thermal process. The inoculated pack test, as shown in 
Chapter 15, is one commonly used to validate any process derived by 
calculations, especially when mathematical models are used. 

For those systems where product is batch sterilized followed by aseptic 
transport and filling, the sterilization is dependent upon the 
time/temperature sequence in the heating vessel. It can generally be 
precisely controlled with the aid of adequate instruments. As this type of 
system is usually employed for the sterilization of particulate matter apart 
from its eventual liquid component, the time/temperature sequence, 
including any hold time, must be that which will ensure that every particle 
has achieved a center temperature for a time consistent with the desired 
lethality. As the particulate matter may be a mixture of various foods, the 
heating rate for each particle type and size must be determined and used in 
the calculation of the time/temperature sequence, including any hold time. 

These principles also apply to systems that utilize resistance heating, 
microwave heating, or other forms of energy to heat the food. The amount 
of energy needed to heat every portion of every particle of food to a 
temperature adequate to achieve microbiological stability must be 
determined. Delivery of this energy to the product must be controlled, 
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monitored, and recorded. All product characteristics (e.g., conductivity, 
particle size, etc.) that may affect the delivery of the process must be 
defined, controlled, monitored, and recorded. 

Any changes in product composition or formulation should be evaluated 
as to their effect on the adequacy of the process. If the scheduled process 
is found to be inadequate, then the thermal process must be re-established. 

In steam injection or infusion heating processes, the water added from 
the condensation of the steam increases the product volume by 
approximately 1% per 5.6°C (10°F) temperature increase above the initial 
product temperature as it enters the heating system. Thermal expansion of 
the food itself can also affect the product volume. The increased product 
volume due to the added water and thermal expansion of the product must 
be taken into consideration in the establishment of the scheduled process, 
especially in the determination of the minimum residence time and design 
of the hold section or tube. If a flow meter recording device is used to 
monitor and record product feed rate after steam injection or infusion, then 
the device should be calibrated, by using appropriate methods such as 
volumetric flow of injection tracing at a frequency sufficient to ensure 
accurate flow of the specific products being processed. 

16.2.3 Preproduction Equipment Sterilization 

Just prior to the start of production, all piping, valves, pumps, surge tanks, 
and product fillers as well as other food-contact surfaces downstream from 
the hold section or tube of a heat-hold-cool aseptic processing and packaging 
system must be sterilized to a point that is compatible with a state of 
microbiological stability of the product that will be processed. This 
condition must be maintained throughout the production period. Prior to 
sterilization, all food contact surfaces should be thoroughly cleaned to 
eliminate any food or other residues. Sterilization can be attained by 
exposure of the surfaces to an appropriate time/temperature sequence (e.g., 
30 minutes at a surface temperature of at least 121°C or 250°F) by 
superheated water, saturated steam, superheated steam, or other appropriate 
treatments (Chap. 15). Temperatures reached and maintained during the 
sterilization process should be accurately determined by appropriate 
temperature measuring devices (TMDs) located at critical points in the 
system, or at least at the slowest heating (coldest) point. Valve clusters used 
on sterile product reservoirs and surge tanks and as flow diversion devices 
are particularly difficult to a sterilize by heat, and they may represent the 
coldest point in a system. Particular attention should be given to these 
devices during the sterilization procedure, and it would be prudent to 
determine their temperatures during the sterilization. 

The aseptic zone of filling and packaging equipment should be cleaned 
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and sterilized prior to operation and maintained in that condition 
throughout the production. For sterilization procedures that use heat, the 
time/temperature sequence should be measured at the coldest point in the 
zone. For hydrogen peroxide or other physical or chemical methods, the 
quantity level used, concentration, temperature, contact time, method of 
delivery, and other factors may be critical (Chap. 15) and should be 
monitored and recorded. Establishment of this portion of the 
presterilization of the equipment can be difficult. Challenge testing using 
appropriate test organisms (Chap. 15) and methods may have to be used. 

16.2.4 Packaging Sterilization 

The various methods for the sterilization of packaging materials prior to 
filling or their introduction into the aseptic filling zone are discussed in 
Chapter 15. The sterilization process employed should be established in 
terms of numbers of log reductions of the most resistant organism. This 
usually involves challenge testing. Any modification to the packaging 
material or procedures should be evaluated to determine the effect on the 
sterilization procedure. Packaging material, preformed containers, and their 
closures are usually sterilized either inside the packaging machine or 
externally and introduced aseptically into the aseptic zone of the packaging 
machine. As described in Chapter 15, sterilization can be accomplished by 
the application of heat or through the use of a combination of heat and 
physical treatments such as hydrogen peroxide and heat or UV radiation. 

16.2.5 Equipment Design and Construction 

All equipment to be used for aseptic purposes should be designed so that it 
can be easily and adequately cleaned as soiled equipment is more difficult 
to sterilize and should be constructed of materials suitable for food contact. 

Any equipment downstream from the hold section with rotating or 
reciprocating shafts such as pumps or valve stems are potential points of 
product contamination by microorganisms. These should be equipped with 
steam seals or other appropriate barriers that can be visually monitored to 
ensure that they are operational (e.g., by observing steam discharge from 
properly located and oriented bleeder ports or observation of leak detection 
ports). 

16.2.5.1 Holding Tube 

When a process is controlled by the outlet temperature of a holding tube, 
it should be designed so that no portion of the tube between the product 
inlet and the product outlet can be heated. It should slope upward at least 
2 cm/m (0.25 in./ft) of piping. The flow characteristics of product in the 




ASEPTIC PROCESSING AND PACKAGING: 
COMMERCIAL APPLICATIONS 


575 


hold tube should be known, as should any temperature variations that may 
occur. This will ensure that the required sterilization value is attained. A 
back pressure sufficient to prevent product boiling (flashing) should be 
applied and maintained during operation. Product flashing can adversely 
affect the time and temperature relationship of the scheduled process, and 
subsequent attainment of a microbiologically stable product. Suitable back 
pressure is commonly maintained with the use of a valve, orifice, or other 
device that restricts flow the tube downstream from the heater and at the 
exit of the hold tube. 

16.2.5.2 Metering Pump 

If a metering pump is used to control the flow of product through the 
sterilizer, it should be located upstream from the holding section and should 
be operated consistently to maintain the required flow rate. A means of 
preventing unauthorized changes to the pump speed should be provided. 
The product flow rate is a critical factor controlling the sterilization 
temperature and the retention time in the holding tube and should be 
checked with sufficient frequency to ensure that it is as specified in the 
scheduled process. For continuous flow systems, the product feed rate 
should be constant, reproducible, and quantifiable. 

16.2.5.3 Flow Diversion Device 

Continuous flow systems should be equipped with a flow-diversion device 
installed in the product piping located before the product filler or aseptic 
surge tank. It should be designed automatically to divert flow away from the 
filler, aseptic surge tank, or piping leading to these devices in the event that 
there is a drop in the holding section temperature or inadequate pressure 
differential in the product-to-product regenerator, if one is used. The valve 
seat, which separates the diverted product flow pattern from the forward 
flow route, is sterilized on all sides simultaneously, and all sides of the valve 
must be maintained in an aseptic condition during production. Gravity 
drain-type flow diversion valves should never be used in aseptic systems as 
microorganisms will grow through, or be drawn through, the valve seat from 
the nonsterile side and contaminate sterile product. If the system is 
designed such that product in an aseptic surge tank is to be packaged while 
the processing system is in a divert mode, then the flow diversion system 
must separate sterile product from potentially nonsterile product by more 
than one valve seat with a sterile zone between the sterile product and 
potentially nonsterile product. This can be accomplished by a steam barrier 
between sterile product and the potentially nonsterile area of the processing 
system. 
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16.2.5.4 Aseptic Surge Tank for Sterile Product 

Proper removal of air from the tank is essential in achieving sterilization. 
Appropriate pressure-activated vents should be installed to permit removal 
of air during the sterilization cycle and re-entry air should the pressure 
within the tank drop below atmospheric. An appropriate overpressure of 
sterile air or other gas should be maintained during operation of the surge 
tank to prevent the development of partial vacuum as product is withdrawn. 


16.2.5.5 Product-to-Product Regenerators 


Where a product-to-product regenerator is used to heat the cold unsterilized 
product that enters the sterilizer by means of a hot exchange system, it 
should be designed, operated, and controlled so that the pressure of the 
sterilized product in the regenerator is greater than the pressure of any 
unsterilized product, thereby reducing the chance that any leakage in the 
regenerator will be from the unsterilized product into the sterilized product. 
A differential pressure recorder should be installed whose scale divisions 
should be easily readable and should not exceed 0.14 kg/cm^ (2 psi) on a 
working scale of not more than 1.4 kg/cm^ (20 psi). If a controller is 
included, then it should be tested for accuracy against a known accurate 
standard pressure indicator, both prior to use and at a frequency sufficient 
to ensure its accuracy but not to exceed 1 year. One pressure sensor should 
be installed at the sterilized product regenerator outlet, and the other at the 
unsterilized product regenerator inlet. 


16.2.6 Instruments and Controls 


16.2.6.1 Temperature Measuring Device (TMD) 

Each product sterilizer should be equipped with a sufficient number of 
accurate, calibrated, and reliable temperature-indicating devices. They 
should be suitably located and be capable of quickly responding to 
temperature changes to ensure sufficiently that the scheduled process is 
delivered. As the holding or retention time for some products can be as 
short as a couple of seconds, temperature deviations as slight as 0.1 C° 
(0.2F°) can be important, so the devices should be capable of measuring the 
temperature to at least this level of accuracy. The time response is also 
important, so the devices must respond quickly so that a minimal amount of 
product will have passed in which a deviation may have occurred before 
remedial action (i.e., interception of the bypass valve) is taken. As these 
instruments usually constitute the process reference TMD, they should be 
tested for accuracy against a known accurate standard thermometer, in steam 
or water as appropriate, and in a similar position or aspect to that which it 
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is installed in the product sterilizer. This should be performed prior to 
installation, and at least once a year thereafter, or more frequently as may 
be necessary to ensure their accuracy. Dated records of all tests and 
standardization should be kept. A daily inspection of these devices should 
be made to detect and replace defective devices 

The TMD-sensing elements for continuous flow-type aseptic systems 
should be installed in the product hold section outlet in such a way that it 
does not alter product flow and result in the improper delivery of the 
scheduled process. For batch systems, a sufficient number of sensing 
elements should be so located to ensure that the scheduled process is 
delivered to the entire batch. 

16.2.6.2 TemperaturefTime Recording Devices 

Each product sterilizer should be equipped with a sufficient number of 
accurate, reliable, and calibrated temperature/time recording devices to be 
used in conjunction with the reference TMDs. They may be combined with 
controllers. They should be sufficiently sensitive to respond to temperature 
changes in a manner that will ensure an accurate and precise recording of 
the process temperature and any deviations that may occur. For chart 
recorders, it is important that the correct chart be used. For analog devices, 
each chart should have a working scale of not more than 12C° per cm (55F° 
per in.) within a range of 10C° (18F°) of the sterilizing temperature. The 
recorder temperature should not deviate by more than 0.5C° (1F°) from 
that of the reference TID and should not be higher than the temperature 
indicated by the TID. Charts or printouts of the temperature/time should be 
kept as a permanent record of the process. The chart timing device should 
be accurate and checked as often as necessary to maintain its accuracy. 

Hie sensing elements of the temperature recording devices should be 
located in the holding section in a manner that does not alter the product 
flow. A reference TID-sensing element should be installed in close 
proximity as a continuing check on the recording device. The sensing 
elements should be located so that the conductivity of the piping structure 
does not interfere with the accurate determination of the product 
temperature; the internal obstruction created by the elements is minimal. 
For hold tubes, the elements should be located at or after the point where 
the upward slope of the tube falls to less than 2 cm/m (0.25 in./ft) of piping. 

16.2.6.3 Pressure Recorder 

Where pressure is a critical factor in the scheduled process, the product zone 
should be equipped with an accurate, calibrated, reliable pressure recording 
device. It should be checked for accuracy against a standard at least once 
a year. It should have a working range from 0 kg/cm ^ (0 psi) such that the 
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safe working pressure is about two-thirds of the full scale and, if an analog 
type, be graduated in divisions not greater than 0.14 kg/cm z (2 psi). 

16.3 Thermal Processing — Applications 

For the heat-hold-cool continuous systems the heating is either direct and/or 
indirect. The technological aspects of these heating methods have been 
discussed in Chapter 15. In some commercial applications, both methods 
are used. 

16.3.1 Direct Heating Systems 

These systems rely upon the injection or infusion of steam for the principal 
heating. They can process liquids that have slightly elevated viscosities (e.g., 
milk, juice, soups, sauces, etc.) and product having particulate matter under 
certain conditions with respect to the size and stability of the particles. 
Steam infusion heating has proven to be less successful for low-viscosity 
products due to high construction costs. The steam quality must be of the 
highest standard (e.g., culinary quality, Chap. 15) and may have to be 
produced separately from the main steam supply (i.e., stainless steel steam 
generator). 

A simplified flow diagram of a direct heating system is shown in Figure 
16.1. The product is preheated to 80-100°C (176-212°F) in a plate or 
tubular heat exchanger. Following the preheating, the product is quickly 
brought to the required sterilization temperature by the injection of 
saturated steam in a device similar to the type depicted in Chapter 15. The 
steam injector is a critical element of the plant as it must achieve good 
mixing of the two phases (i.e., steam and liquid) and ensure uniform 

Flow 


Sterile Version 



Figure 16.1. Simplified flow diagram of a direct heating system (Reuter, 1988). 
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temperature distribution during the very rapid heating. Also critical is the 
formation of deposits on the steam injector, which hinders the mixing. After 
attaining the required temperature, the ensuing holding tube or section 
provides the required holding time. The product is cooled in two stages. 
The first is by means of steam expansion in a vacuum chamber that removes 
the water added by the condensed steam as well as other volatile substances 
during heating. While some of the volatiles removed in this stage may be 
the result of the heating and hence be undesirable, natural and desirable 
flavors and odors are also affected. A sudden product decompression to a 
level below atmospheric pressure results in overheating of the liquid that 
affects a spontaneous partial evaporation of the water and cooling to a 
uniform temperature relative to the reduced pressure (vacuum). In order 
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Figure 16.2. Flow diagram of the Alfa -Laval VTIS System (Vogel, 1991). 
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to evaporate the water vapor that results from the steam injection and heat 
content of the liquid, in theory an expansion to a thermal balance between 
4 and 6C° above the liquid’s temperature prior to steam injection should 
suffice. However, due to thermal loss between steam injection and 
decompression, the extent of which is dependent upon the particular system 
used, this difference may only be 1-2C°. The lower section of the vacuum 
vessel contains a fluid-level regulator that ensures an even fluid content 
inside the vessel. 

Vapor from the flash cooling can be used for preheating the product in 
the preheater. Following homogenization, if required, the product is cooled 
further with cold water in a heat exchanger (plate or tubular) to the required 
fill or hold temperature if a sterile hold tank is used. Since both the vapors 
and the product that leaves the flash chamber are at the same temperature 
and only one of these can be used to preheat incoming product, the heat 
recovery potential is not as efficient as is the case with indirect heating 
systems. 

The VTIS system of Alpha-Laval (Fig. 16.2) is an example of a 
commercial application that uses steam injection. The steam injector and 
the holding chamber are the heart of the installation. The annular type used 
most recently in the VTIS installations constitute the third generation of 
Alfa-Laval steam injectors. Using the Venturi effect, its particular design 
allows a silent operation, requiring only a steam pressure of 6 bars (87 psig); 
also it avoids the precipitations. The condensation takes place instantly in 
the highly turbulent flow conditions produced. The holding chamber where 
the rapid cooling is carried out is another essential component of the 
installation. Here again, the improvements made to the design by Alfa-Laval 
have produced a compact unit that can be cleaned in place without 
dismantling. The special tangential admission gives a maximum free surface 
to the product to permit the secondary steam and the noncondensable gases 
to escape freely. The latter rise up to the upper part of the chamber and 
are extracted toward the bottom by the intervention of a condenser that 
encircles it. Significant energy economy is attained by preheating with a 
plate heat exchanger. The product is then fed into a chamber filled with 
saturated steam. The product absorbs the steam by condensation while 
raising the temperature. 

16.3.2 Indirect Heating Systems 

A simplified flow diagram of a system that uses an indirect heat treatment 
is given in Figure 16.3. As discussed in Chapter 15, indirect heating is 
slower and requires more time to reach a specified sterilization temperature. 
There is the advantage in that there is no dilution of the product from 
condensed steam as in the direct heating; hence, there is no need for it to 
be removed. As cooling will also be carried out indirectly in heat 
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exchangers, the cooling time is greater and the product may still have to be 
deaerated. 

The product flow from the product reservoir and through the heat-hold- 
cool system is regulated by the pump. Preheating to 90-100°C (194-212°F) 
is accomplished in one or a series of heat exchangers, one of which may be 
a product-to-product regenerator. To minimize fouling of the heat exchange 
surface by product, which is a problem with indirect heat exchangers, the 
temperature differential between the product and the heating medium at any 
point should be kept to a few degrees by using countercurrent flow. As this 
practice tends to extend the heating time, the heat exchange surface must be 
increased in order to minimize the heating time. To assist in attaining the 
relatively small temperature differential, hot water is used in the preheating 
stage. The final sterilization temperature on the order of 135-140°C 
(275-284°F) is attained in the final heat exchanger with saturated stream or 
superheated water as the heating medium. After reaching the required 
sterilization temperature, the product is held in the hold tube or section for 
the time required to attain the required microbiological stability (i.e., 
lethality). The first stage of the cooling is in the product-to-product 
regenerator followed by other heat exchangers to reach the required holding 
or filling product temperature. 

Product homogenization, if applicable, can be carried out before or after 
thermal treatment. In the former case, a normal homogenizer can be used. 
In the latter case, a special homogenizer, designed for aseptic processing 
(and therefore more expensive), is required. Homogenization of fluid 
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products that do not contain particulate matter serves to integrate the 
protein aggregates and fat into the product. The surplus pressure of the 
homogenizer transports the product through the first part of the heat 
exchanger, where it is cooled down to filling temperatures. 

In plants with indirect heating, due to increased heat exchange surface, 
it is possible to recover heat at the rate of 70-88%, whereas it is about 50% 
in plants with direct heating. The rate of heat recovery can be an important 
factor when selecting a heating system. 

16.3.2.1 Plate Heat Exchangers 

Plate heat exchangers are essentially used for low-viscosity homogeneous 
liquids like milk, milk desserts, yogurt, fruit juices, soups, and sauces and 
heterogeneous fluid products that contain relatively small particulate matter 
(Chap. 15). The Alpha-Laval Steritherm is good example of a system using 
plate heat exchangers. All food contact surfaces are presterilized by the 
continuous circulation of superheated water (140-145°C) for 30 minutes 
programmed automatically from the control panel. Product processing is 
started by entering the process temperature at the control panel and follows 
the sequence given in the preceding section. At any time during production, 
a clean and sterilization in place (CSIP) cycle can be initiated from the 
control panel. However, at the end of production the CIP program is 
automatically initiated followed by a presterilization just prior to use. The 
plates of the exchanger can rapidly be dismantled for complete cleaning. 

While plate heat exchangers are probably the most heat efficient 
exchangers, they do have problems. One is their limitation with respect to 
viscous products and the size of particulate matter that can be processed. 
Another disadvantage is the gasketing between the plates. They need 
frequent replacement, which is a time-consuming and expensive process. 
They also have to be removed and replaced when the exchanger is inspected 
or given special cleaning because of product fouling the heating surfaces. 
The more recent VTIS installations are equipped with plate heat exchangers 
belonging to the new series H of the Alfa-Laval exchangers in which the 
gaskets are easily and quickly removed and inserted into grooves. With this 
new assembly technique seals can be removed and replaced without the 
usual requirement of scraping, solvents, adhesives, and drying. Specially 
trained personnel and special equipment are not required as the old seals 
are easily removed and the new inserted with the assistance of a simple disk 
tool. The seals for the type H plates are manufactured with superior quality 
rubber, which maintains its elasticity for a long time and is more resistant to 
high temperatures. This rubber has heretofore been difficult to use in plate 
heat exchangers because it is very difficult to attain adherence to the metal 
surface of the exchanger. The new technique of the recessed seals resolves 
this problem. When the series of plates is pressed together, the seals adapt 
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perfectly to the grooves, producing no cavities where bacteria can 
accumulate and grow. The series H plate exchangers are designed for a 
maximum operational pressure of 10 bars (10 atmospheres). 

16.3.2.2 Tubular Systems 

Tubular heat exchangers can be used to process liquids of average viscosity 
with and without particulate matter. The heating medium used is 
superheated water or a radiant heat. The design, advantages, and 
disadvantages of this type of heat exchanger are discussed in Chapter 15. 
Examples of systems that use superheated water as the heating medium 

are: 

• multitubular: the Alfa-Laval Steritube; 

• spiral tubes: The APV CTA and Ultramatic; 

• annular tubes: Stork, Steridal, FENCO, Rossi-Catelli. 

Because they are more suited for heating fluids that contain particulate 
matter, their use is increasing. These may be constructed as double or triple 
tube heat exchangers, which can be formed into spirals to save space. Tube- 
bundle heat exchangers with tube inside diameter of 10-12 mm, and 
approximately seven tubes per bundle are now being used. 

Tube exchangers can withstand considerably higher pressure and thereby 
allow higher product velocity and pressure drops, which can result in greater 
turbulent flow. To a certain degree, the increased turbulence will counter 
the fouling tendency in the heating section, which in turn extends the 
operating time. Because they can be operated at higher pressures, they can 
be used for higher-viscosity fluids and for liquid products that contain 
particulate matter. Tubular heat exchangers are presently easier to operate 
than are plate types because they do not require sealing gaskets. The 
smooth tube surface facilitates a flow with the lowest fragmentation stress 
to particles compared with free-flow plate heat exchangers. The maximum 
particle size is limited to approximately one-quarter of the tube diameter. 
This results in a large volume of product relative to the heat transfer surface 
and a longer product residence time to obtain a uniform temperature 
distribution, especially in the particulate matter. To avoid thermal stress, it 
is advisable to have the product tubes formed into a U-shape, which enables 
maximum expansion of internal tube bundle versus the shell. While this 
construction can make inspection of the tube internal surfaces difficult, 
inspection can be facilitated by inserting a small beam of light into one side 
of the U, which will illuminate the other arc by reflection of the light. 
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Figure 16.4. Cross-sectional drawing of an ACTINI direct infrared cell (Vogel, 1991). 

They have the disadvantage, however, of being very difficult and 
expensive to locate any leaks (e.g., hairline cracks), in the heat exchange 
surface. When such leaks are encountered, the entire spiral or bundle must 
be replaced. In tubular bundle heat exchangers that contain a number of 
parallel flow conduits, the danger exists that a tube is blocked by excessive 
deposits during the production process, and is not freed by the subsequent 
cleaning cycle. 

16.3.2.3 Bacteriocidal Radiations 

Some systems, like those manufactured by ACTINI, Infratherm and Aqua 
Stoutz, and Thermo Star by Microwave Energy Systems (MES), that process 
primarily liquids use what have become known as bacteriocidal radiations 
(infrared or ultraviolet). 

The ACTINI system uses direct or indirect tubular thermal treatment 
cells. Direct infrared cells (Fig. 16.4) use a cluster of quartz tubes in which 
the liquid to be processed is circulated in turbulent flow. Around these 
tubes an infrared source is wound in a solenoid and has a temperature in the 
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Figure 16.5. Cross-sectional drawing of an ACTINI indirect infrared cell (Vogel, 
1991). 
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order of 750°C. There is a reflecting silica-alumina screen around the 
source all along the tubes. These cells are used for the pasteurization of 
liquid products, without overpressure. In the indirect infrared cells (Fig. 
16.5) the liquid product circulates within a stainless steel tube sheathed on 
the exterior by a quartz tube. This type of cell is particularly adapted to 
sterilization or pasteurization at temperatures above 100°C (212°F) under 
pressure. 

The Thermo-Star of MES employs microwaves with controlled magnetic 
field polarization (patent CNRS). This method of propagation of the waves 
permits the distribution of the energy in a homogeneous manner throughout 
the product mass and a slight temperature gradient. This avoids the 
heterogeneity in the thermal treatment of products composed of particles 
having different structures. A particularly interesting application of this 
procedure is the cooking/pasteurization of emulsions that contain pieces of 
meat and fat. This process improves the organoleptic and bacteriological 
qualities of the product by considerably reducing the risk of surface crusting 
or overcooking. 
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Figure 16.6. The Alfa-Laval Visco system (Vogel, 1991). 
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3.4 Scraped-Surface Systems 

Scraped-surface heat exchangers are particularly adapted to processing 
viscous liquid products and those containing particulate matter. The thermal 
treatment is carried out in a double wall cylindrical exchanger having a 
rotating axle on which is mounted a series of scrapers that push the product 
against the inner wall and forwards. Depending upon the temperature of 
the medium in the jacket products can be heated or cooled in this apparatus 
(Chap. 15). Multiple units can be installed horizontally or vertically in a 
series or in parallel in accordance with the desired treatment and production 
capacity required. 

This principle is illustrated in the Alfa-Laval Visco system equipped with 
vertical scraped-surface exchangers, as shown in Figure 16.6. As discussed 
in Chapter 15, the continuous sterilization of particulate matter is difficult. 
The problems are mainly concerned with accurate determination of the heat 
transfer coefficient between the liquid and the particulate matter and the 
heat penetration into each particle. This is further complicated when the 
particulate matter is composed of different food components that have 
different shapes, sizes, and thermal characteristics. The sequence is the 
same as outlined earlier for indirect heating systems. 

16.3.3 The APV Jupiter Process 

Continuous heat-hold-cool systems are subject to some critical limitations 
when processing products that contain particulate matter. There is usually 
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Figure 16.7. Schematic drawing of a double cone aseptic processing vessel (DCAPV) 
(Vogel, 1991). 





ASEPTIC PROCESSING AND PACKAGING: 
COMMERCIAL APPLICATIONS 


587 


a limitation to the size of the particulate matter to about 8-10 mm. While 
scraped-surface heat exchangers can be set to handle larger particle sizes, its 
action can damage the more fragile larger particles. The difficulty in 
deriving the required residence time for particles for any time/temperature 
sequence has already been discussed in Chapter 15 as well as in the 
preceding sections. In order to minimize the residence time for particulate 
matter, the temperature of the carrier medium is raised (130°C or even 
higher), which, in combination with the sufficient residence time to assure 
acquisition of the required center temperature, especially in large particles, 
can overprocess the fluid component and adversely affect the quality. This 
can also overprocess the outer surfaces of the particles, especially large 
particles, which results in a particle breakdown due to attrition. 

One solution to these problems is seen in the APV Jupiter system, which 
thermally processes the liquid and particulate components separately, 
combining them in the required proportions aseptically at the filling 
operation. The principal part of the systems is formed by a rotating double 
cone chamber that serves both for the sterilization and the cooling of the 
particulate matter. Patented under the name Double Cone Aseptic 
Processing Vessel (DCAPV), the rotating jacketed chamber is mounted on 
specially engineered supports (Fig. 16.7). A schematic flow diagram that 
shows the various components of a typical Jupiter processing system for 
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Figure 16.8. Schematic flow diagram of an aseptic Jupiter system for processing 
combinations of solids and sauces (Reuter, 1988). 
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combinations of sauce and particulate matter is given in Figure 16.8. 

The sauce or liquid component is processed separately in a conventional 
heat-hold-cool process, as described earlier in this chapter. It can be added 
at the steriliztion temperature to the solids component to aid in their heating 
and/or stored in an aseptic hold tank for addition at the filling stage. When 
the DCAPV is loaded and closed, it begins to rotate and the particles are 
heated by the combination of steam added directly to the interior of the 
vessel and indirectly by steam in the outer jacket. During the heating, water 
or stock preheated to the process temperature can be added to the 
particulate matter, which hastens the heating of the particles and offers 
protection against breakage during the tumbling action. The internal vessel 
temperature is monitored continuously from which the particle center 
temperatures can be calculated and converted into lethality. Cooling is 
carried out in the same vessel by circulating cold water in the outer jacket 
and cold sterile air directly into the vessel to maintain a slight positive 
pressure as the steam atmosphere condenses. When the required cooling 
temperature is attained, rotation is stopped, and the condensate and cooking 
liquid by the purging device which is automatically lowered into the bottom 
of the vessel. The liquid component (i.e., sauce) can be added at this stage 
by using the vessel rotation to mix and blend the two components together. 
The finished cooled product is then discharged to the filler reservoir for 
filling. 

16.4 ASEPTIC PACKAGING 

Aseptic packaging involves the filling and sealing of microbiologically stable 
(i.e., commercially sterile) product into sterilized containers under conditions 
that prevent microbial recontamination of the product, the containers, and 
their closures (i.e. under aseptic conditions). As the product in 
heat-hold-cool systems has been sterilized or pasteurized prior to packaging, 
the packaging material does not have to withstand the thermal processes 
used in conventional canning. This permits the use of a wider range of 
packaging materials. The types of containers presently seen on the market 
vary in size from as little as an ounce or two (e.g., coffee creamers) to 
gallons (milliliters to multiples of liters). The principal types are: 

• the small-volume packages (deciliters to a few liters) as seen in 
laminated cardboard bricks and plastic thermoformed containers, 

• large-size containers (tens to hundreds of liters) in the form of 
pouches, in casks, or tanks. 

16.4.1 Aseptic Packaging in Brick-Shaped Cartons 

This type of packaging system, initially developed for dairy product (UHT 
milk in bricks), has been extended to include a wide variety of liquid 
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products that have low viscosities (e.g., fruit juices, wine, various beverages). 
During the past few years it is being developed for thicker products with and 
without particulate matter (e.g., fruit purees, creams, soups, etc.). Two 
systems are predominent in the field today. 

16.4.1.1 The Tetra-Pak System 

In the Tetra-Pak system the containers are continuously formed from a roll 
of packaging material, aseptically filled, sealed, and formed into bricks. The 
packaging material is a multilayered sheet composed of printed cardboard, 
aluminum foil, and several plastic layers. An outer polyethylene layer 
protects the ink layer and enables the flaps to be sealed in the formation of 
the final brick form. Next, there is a bleached cardboard layer for the 
graphics and printed material, which provides mechanical rigidity. A 
laminated polyethylene layer follows that binds the next aluminum layer to 
the cardboard. The very thin aluminum foil layer provides the required 
barrier to gases and light. This is followed by two inner polyethylene layers 
that provide a liquid barrier. The outside of the package is imprinted with 
a design that will be exactly in register with the package dimensions. The 
packaging material is precreased to facilitate the forming process. 

All food contact surfaces of both filling and packaging must be sterilized. 
Two methods are used by the Tetra-Pak to sterilize the food contact 
machinery surfaces, sterilization with hot (i.e., 360°C maximum) air by 
spraying the surfaces with 35% hydrogen peroxide, followed by drying with 
sterile air. The sterilization time for either procedure is 30 minutes. 

The packaging material is continuously sterilized during production by 
the application of hydrogen peroxide and drying. In one method, a thin film 
of hydrogen peroxide solution (15-35%) is applied to the inner surface of 
the packaging material by passage over a roll wetted with the sterilant. 
Excess fluid is squeezed off by a roller and the wetted surface is dried under 
a stream of hot sterile air. In another method, the packaging material is fed 
through a deep bath filled with a 30-40% hydrogen peroxide solution 
maintained at a minimum of 70°C. 

The principal operations involved in the filling and formation of the 
container illustrated in Figure 16.9 are: 

1. The packaging material roll is placed in a cassette at the rear of the 
machine. 

2. A photocell monitors roll diameter and signals when it is time to replace 
the roll. 

3. The bending rolls flex the sheets to facilitate the prefolding of the 
packaging material into the desired form. 

4. Brake, stabilizing, and stretching the paper web. 
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Figure 16.9 The Tetra Brik aseptic packaging unit. Type AB (Vogel, 1991). 

5. A printing mechanism applies the fill date as well as other required 
information (e.g., product code, identification number for the processing 
establishment, etc.) in the form of a code onto the packaging. 

6. Bending roller, top edge of the machine body. 

7. The splice of two packaging material rolls is detected at this point and 
will cause the finished package containing the splice to be rejected 
through the drop chute (25). 

8. Paper guide controlling the packaging material run through the strip 
applicator. 

9. The application of a plastic strip to one edge of the packaging material, 
which will subsequently be welded longitudinally to the other edge, 
forming the longitudinal seam. 

10. The internal surface of the packaging material is wetted by immersion 
in a hydrogen peroxide bath. This process is controlled from the control 
panel. 

11. Rotating cylinders squeeze off the remaining excess hydrogen peroxide 
solution. 

12. Cover for collection of hot air that rises from the paper tube and is 
returned to the sterile air compressor. In conjunction with this, any 
residual hydrogen peroxide in the air is removed by washing with water 
that is collected in a special separator. 

13. Passage on the overhead bending roll. 

14. Lower tube support, initiating the forming process of the paper web. 

15. The product to be packaged is introduced by a stainless steel filling tube. 
This tube is encased within another tube through which hot sterile air 
is blown in order to assure aseptic filling. 
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16. Upper forming ring, finalizes the shaping of the paper web into a tube. 

17. First phase of the longitudinal seal, one of the edges of the packaging 
material passes by an element heated by hot sterile air. 

18. The longitudinal seal takes place in forming collar, where the two edges 
are pressed one against the other. 

19. A heating tube heats by radiation the interior of the packaging material. 
This has a sterilizing effect and creates an aseptic atmosphere above the 
level of the product being packaged. 

20. Level control for the liquid in the filling tube. 

21. The fill level of the product in the fill tube is regulated mechanically by 
a float valve in a manner to cover over the fill tube orifice to avoid 
foaming. 

22. Fill tube mouth located below the liquid level. 

23. The final sealing of the packages is carried out under the liquid level, 
which permits the package to be completely filled. This sealing is 
accomplished by a system of jaws that both seals and cuts away the 
packages. 

24. The separated packages are discharged into a final folder unit where the 
top and bottom flaps are folded and sealed to the package. 

25. Ejection slide or toboggan for the unformed or otherwise defective 
packages. 

26. The finished cartons are discharged from the machine. 

16.4.1.2 The Combibloc Aseptic Filler 

The Combibloc aseptic filler uses preformed carton sleeves or blanks 
manufactured by the packaging material supplier. The various steps in the 
preparation of the sleeves, their subsequent formation into containers, filling, 
and sealing are shown in the flow diagram in Figure 16.10. 

With this sleeve-fed system, both the composition of the packaging 
material (i.e., the standard for aseptic packages is PE/board/PE/Al/PE) and 
the head space volume can be selected to suit the requirements of a given 
product. A certain amount of head space is always advisable to ensure that 
the package can be opened and poured without spilling. It is also 
recommended to provide space for shaking, should the contents not be 
homogeneous. Sealing above the product line permits more viscous products 
and products that contain particulate matter to be filled without affecting the 
sealing operation, as would be the case if sealing took place through the 
product as in the Tetra-Pak system. 

The filling station and all machine areas in contact with the product are 
CIP cleaned and sterilized with steam. The aseptic zone of the filler and 
sealing operations are sterilized with hydrogen peroxide vapor. During 
operation, including any temporary downtimes, sterility is maintained by a 
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Figure 16.10. Schematic flow diagram for the Combibloc aseptic packaging system 
from composite board reel to filled carton (Reuter, 1988). 


downward flow of sterile air to a pressure slightly above atmospheric. 

A longitudinal cross-sectional drawing of the machine showing the various 
operational stages in the carton formation, filling, sealing, and so on. is given 
in Figure 16.11. In a timed operation, the sleeve, with presealed longitudinal 
seam, is extracted from a magazine, opened into a rectangle, and placed on 
one of the revolving mandrels. In two consecutive stations, the external PE 
layer at the bottom end of the sleeve is activated with hot air, thereby 
avoiding physical contact. As the mandrel revolves, the base is folded and 
given full-surface sealing in a press and cool operation. 

The formed container is taken from the mandrel and placed into a 
pocket of the conveyor chain timed to synchronize with the package 
forming/sealing mandrel operation. Just prior to entering the aseptic zone, 
the top of the container is prefolded into gables along prefolded crease lines. 
The internal surfaces of the empty packages are sterilized by hydrogen 
peroxide atomized into a spray, transformed into steam in an electrically 
heated pipe, and swirled. The hydrogen peroxide vapor is then forced into 
the package by heated air under a slight overpressure and immediately 
condenses on the cold package surface. Hot air is then introduced into the 
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Figure 16.11. A longitudinal cross-sectional drawing of a Combibloc aseptic 
packaging system (Reuter, 1988). 


package, converting the hydrogen peroxide into oxygen and water while it 
affects the sterilization (Chap. 15). The hot air stream is continued until the 
internal package surface is dry and has a hydrogen peroxide residue less than 
0.5 ppm. 

The filling station has inductive flow volume control (i.e., no pistons or 
roller diaphragms) working in two strokes for filling low-viscosity fluids. For 
high-viscosity products or products that contain particulate matter, specially 
designed models are available. For products that have a tendency to foam, 
a defoaming unit can be installed immediately after the filling operation. 

Gable top sealing is the final operation carried out in the aseptic zone. 
An ultrasonic sealing unit is used that preserves the packaging material as 
the heat is generated directly in the seal area. The sealing sonotrode 
vibrates at 20,000 Hertz, causing the PE to become pliable, and sealing is 
accomplished in the order of 1/10 second. For some products, it is desirable 
to fill the head space with an inert gas, an operation that just precedes the 
sealing. The appropriate code and/or best-before-date is applied to the top 
seam by waterproof burnishing, printing, or ink jet spraying. The gables that 
result from the top seam sealing are formed into a flat top. The protruding 
flaps on each side are folded down and sealed to the package with hot air. 
The finished packages are discharged from the pocket chain conveyor belt, 
ready for the final cartoning. 


16.4.2 


Aseptic Packaging of Ther 


II 


oformed Cups and Tubs 


The use of plastics and plastic composite materials for microbiologically 
stable foods, especially low-acid foods, is increasing. Compared with rigid 
containers (i.e., metal and glass) these materials have the following 
advantages: 








594 


FOOD CANNING TECHNOLOGY 


• low material and production costs, 

• light weight, 

• easily formed, 

• easy open features, 

• hermetic sealing. 

While plastic containers used in aseptic packaging systems do not have to be 
capable of resisting the high temperatures used in conventional canning, they 
do have to be sterilized prior to filling. Considerable effort has been made 
to construct systems that can effectively sterilize the container, the fillers, 
and the aseptic zone. As many systems use preformed containers, their 
sterilization presents specific problems. 

16.4.2.1 From Roll Stock 

The ERCA Neutral Aseptic System is a good example of this type of process 
with the added advantage that the package material has been presterilized 
by the manufacturer. During the formation of the laminated multilayered 
packaging sheet, sufficient heat is generated to sterilize the surface that will 
form the inner surface of the container when it is formed. A peelable sheet 
is applied to that surface to maintain the sterile state during shipping, 
storage, and handling. 

The aseptic chamber of the container forming, filling, and sealing system 
is first sterilized, and this condition is maintained by sterile air at pressures 
slightly above atmospheric. The product is pasteurized or sterilized in a 
heat-hold-cool or other appropriate system and sent to the filler. The 
protective layer is removed as the laminate is continuously fed into the 
aseptic chamber. The laminate is thermoformed into the individual 
container units (Chap. 9), which are then filled with the presterilized 
product. Cover material, presterilized in the same manner as it is for the 
body material, is also continuously fed into the chamber as the protective 
layer is removed and thermosealed onto the filled containers. 

16.4.2.2 Using Preformed Plastic Containers 

Preformed containers and their closures must be sterilized before they are 
brought into the aseptic filling zone. Methods for the sterilization of 
containers and their closures are discussed in Chapter 15. The sterilization 
process is complicated by the fact that there is no longer a flat uniform 
surface. Considerable work has been done to design sterilization systems 
that are capable of treating the entire inner surface of a preformed container 
uniformly. 

Two methods are most commonly used: hydrogen peroxide in 
combination with heat and UV-C radiation. However, a third option has 
been added: hot air in combination with saturated steam. This option 
requires a more thermostable container. This requirement can be satisfied 
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by using polypropylene (PP), which is stable up to 150°C and can now be 
thermally sealed with the use of combilacquers. An operational diagram of 
a typical aseptic filling and sealing system that uses preformed cups is given 
in Figure 16.12. 

Conventional methods for chemical sterilization of plastic cups include 
spraying a 30-35% hydrogen peroxide solution into and around the internal 
surface. As the plastic surface is not easily wetted, this resulted in the 
formation of droplets having diameters from 30 to 80 /xm. To ensure surface 
coverage >50% relatively large quantities of solution had to be used, which 
in turn made removal of the sterilant a greater problem. Even then, voids 
occurred and surface sterilization could not always be assured. Other 
processes vaporize the sprayed peroxide solution and deposit it in the form 
of condensate on the package wall, which results in considerably smaller 
droplet size and a greater percentage coverage of the surface. The 
requirements that should be met by hydrogen peroxide sterilization of 
preformed cups are: 

• the sterilant should be aimed at the cup rim and inner surface without 
being sprayed excessively outside the cup, 

• the sterilant should be deposited in the form of minute droplets of 
approximately 2-4 to ensure maximum surface exposure, 

• droplet distribution on the inner surface should be even and dense, 

• to maintain the sterilant concentration in the droplets they should be 
produced by purely mechanical means to avoid the risk of early 
dissociation due to heat, 

• extraction by hot sterile air should be carried out reliably with a minimum 
of energy consumption, which is possible when the sterilant coverage 
consists of predominantly a single layer of droplets, 

• the temperature used in removing the sterilant must be compatible with 
the container materials. 

The purely mechanical spraying of the peroxide solution in droplets of 
an average dimension of 3 /xm is possible by the application of ultrasound. 
The droplets, seen as vapor, are small enough to float and can be 
transported from the aerosol container by sterile air to the deposition 
component and then onto the cup surface. Before release, the droplets are 
electrically charged in the deposition component (Fig. 16.13). Between the 
deposition component and the counter electrode surrounding the cup 
exterior, an electric field that penetrates the cup is established that then 
pulls the charged vapor droplets spontaneously against the cup inner wall. 
The suspended droplets tend to repel each other as they are uniformly 
charged, and, hence, they do not coagulate. During deposition they tend to 
attach themselves to the uncovered areas of the wall because they provide 
an umbrella against the electrical field. The deposition component itself is 
heated with warm air and equipped with needle and auxiliary electrodes 
supplied by a negative 15 kV. The aerosol is deposited via the pipe into the 
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cup. The warm air prevents the forming of drops on the deposition 
component, which could fall into the cup. This method produces a fine, 
dense, and predominantly single layer on the cup inner surface and rim. 

Turtschan (1988) has described the integration of this process into a new 
aseptic cup filling and sealing machine to enable a minimum quantity of 
hydrogen peroxide to be used to sterilize the packaging material safely. The 
residual sterilant is completely extracted under a current of warm air, and 
practically no residues leave the package sterilization chamber as the small 
loose quantities are extracted by suction and disposed of in a catalyzer and 
virtually eliminating the possibility of the sterilant passing through to the 
filling section. The prefabricated plastic cup stacks are automatically fed 
from a bulk container into individual cup carriages, separated, and passed 
through a lock to the aseptic chamber. The hydrogen peroxide vapor is 
deposited as described earlier in one machine cycle. After a minimum 
holding time of 4.5 seconds, extraction and drying at an air temperature of 
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Figure 16.13. Ultrasonic hydrogen peroxide applicator with needle and counter 
electrodes. The peroxide droplets are loaded by Corona discharge and spontaneously 
deposited onto the internal cup surface within the field (Reuter, 1988). 
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80°C and high velocity follows requiring not less than 2.5 seconds. 

Under continuous, controlled sterile air current, free of hydrogen 
peroxide, filling at the predosing unit (and if required also at the postdosing 
unit) takes place. In the lidding section the lids can be treated with the 
same method of peroxide aerosol application and dried. In the case of 
aluminum lids, it is also possible to use infrared for their sterilization. 

16.4.3 Bulk Aseptic Packaging 

The term bulk is used for container sizes not normally marketed in retail 
outlets for the domestic consumer and whose capacity can vary from tens to 
several hundreds of liters. While this type of aseptic packaging was 
originally limited to acid products, the product range was increased as the 
special filling devices and packaging that could be rendered sterile and 
aseptic conditions maintained while filling became available. At the present 
state of the art, various low-acid liquid products with various viscosities and 
with or without particulate matter can be processed into a wide variety of 
containers, pouches, cartons, drums, vats, and so on. 

16.4.3.1 Aseptic Drum Fillers 

One of the early developments in this field is the No-Bac Fifty-Five Filler of 
the Cherry-Burrel Corporation. This system basically consists of sterilizing 
a product with pressurized steam to 60 psig at approximately 300°F, cooling 
under 20-26 in. vacuum, and filling the product under vacuum into 55-gallon 
Sterilpac drums. The specially designed Sterilpac drums are made from 
electroplated 18-gauge steel that has a tin coating 6 to 10 times that 
commonly found in metal containers and the side seam is welded during 
fabrication and prior to plating. The top and bottom are double seamed 
onto the body. A 23-gauge electroplated cap seals off the 4.5-in. opening in 
the center of the top through which the drum is filled. The drum can 
withstand vacuums up to 27 in. and the interior may have a sanitary lining. 

The product is thermally processed by a heat-hold-cool process similar 
to those described earlier. The drums are filled in a retort. They are first 
sterilized by steam under 100 psig pressure in the retort. Upon completion 
of the sterilization and while still contained in the retort, a vacuum is 
induced and the drum is filled aseptically. Upon completion of the filling, 
4.5-in. closures are wedged into the drum-filling aperture, sealing the drum. 
The vacuum is released, and the retort is opened and the drum removed 
when the vacuum gauge reads zero. 

The Fran Rica Drum Filler is designed so that the top double seam of 
the drum is in contact with a gasket on the filler so that there is one 
complete chamber with the lid and inside of the drum as part of the 
chamber. A swedging tool picks off the drum cap and moves back to one 
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side, the drum-sterilizing nozzle goes down into the drum and 15 psig 
pressure steam is applied, vented for 1.5 minutes and held at 15 psig for 
another minute to sterilize the internal drum surface. The pressure is 
reduced to 1.5 psig, the sterilizing nozzle is withdrawn, and the filling tube 
is inserted, and the filling operation commences. A level sensor detects the 
fill point, causing the filling tube to be retracted, the swedging tool applies 
the cap to close the drum, the pressure released, and the drum is withdrawn 
from the filler. 

16.4.3.2 Aseptic Bulk Plastic Pouch Fillers 

Examples of this type of packaging are the Star Asept of Alfa Laval, the 
Macropak of Rossi-Catelli and the Trimipak or IMI and Carnau Metal Box. 

The pouches for the Star Asept system are formed from laminated 
plastic materials specially designed to resist flex cracking and with a specially 
designed closure. As the filled pouches are flexible and susceptible to 
puncture during filling and transportation, they are placed in an appropriate 
drum. The pouches are sealed by a patented closure and device that assures 
maintenance of sterility. The filler is an autonomous automatically 
controlled unit with a specially designed filling head. The operation 
commences with the manual positioning of the pouch closure unit onto the 
filler filling head and held in place by holding bars. The unopened pouch 
filling orifice is brought toward the filling valve and is sterilized by live steam 
for a predetermined time. After sterilization, forceps open the pouch 
closure and the product is pumped into the pouch. When it is filled to 
about 10-15% of its total capacity, an elevating table rises to an intermediate 
level and then lowers progressively as the filling is continued. Upon 
completion of the filling, the orifice is cleaned with steam, closed by pincers, 
and then disengaged from the filling head. The cask that contains the pouch 
is removed on roller conveyers. 

The pouches for the Macropak system are also formed from a special 
laminated plastic material with a filling orifice composed of a screwed in 
plastic stopper. The pouches, which have been previously given a 
bacteriocidal ionization treatment, are delivered. The packer contains two 
filling heads. For filling, the pouches are placed Bat on a rolling belt. 
Before starting the operation, the two filling chambers and the entire 
product circuit are sterilized by high-pressure steam. The operator can then 
attach the mouthpiece of the pouch to one of the filling heads, and the 
automatically controlled filling is started. Sterile air is injected into the 
filling chamber followed by positioning of the filling orifice into the sterile 
chamber. The screw plug is removed under positive pressure of sterile air 
and the pouch is filled by opening and then closing the programmed valves 
to attain a fixed delivered quantity (29-210 kg). The plug is replaced in the 
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mouthpiece and the filled pouch is detached and conveyed via a roller 
conveyer into an empty drum. A roller conveyor is used to supply the empty 
drums and remove those that are filled. 

16.5 IN-CONTAINER THERMAL PROCESSING FOLLOWED BY 
ASEPTIC CLOSURE 

The objective of this type of system is to use the conventional containers, 
cans, or jars, and thermally process the product under vacuum without any 
packing medium to avoid the usual leaching of vitamins and mineral salts 
and to produce a product that has superior organoleptic and nutritional 
qualities. 

16.5.1 The Thermosept System 

In this sytem (Fig. 16.14) the product is prepared, cooked, or blanched in a 
conventional manner and packed directly into the containers but not sealed 
and without the addition of any packing medium. The unsealed filled 
containers are conveyed into a tunnel to the entiy lock of a chamber. The 
chamber contains a rotating plate with guides forming a helicoidal paddle, 
which directs the containers to the center of the plate. The lock is closed 
and the air in the chamber is evacuated to create a vacuum (700 mm Hg) 
and held for 4-6 minutes to deaerate the product. The sterilization is 
started by the introduction of steam into the chamber while still under 
vacuum. Depending upon the product a temperature of 127°C is generally 
attained at the product center in 1-4 minutes. The containers are then 
removed from the chamber by the entry lock of the tunnel, under a steam 
environment. They then proceed down the tunnel, where they are seamed 
or capped in a steam environment. After this, a drop in the temperature to 
about 100°C has taken place and the pressure decreases to that of the 
atmosphere in about 7-8 minutes. The sealed containers are then cooled 
underwater sprays of decreasing temperatures. During the passage through 
the closure tunnel, an addition of either juice or sauce that was previously 
sterilized can be added. 

16.5.2 The Vatech System 

This procedure has been designed to can vegetables in metal cans under 
vacuum. The cans are reinforced with thicker bodies and ends. The end 
that serves as the cover (i.e., canner’s end) has a special bossing (i.e., ridge) 
that allows it to be clinched onto the body but leave a gap through which 
liquid can flow out during the process. A blanched or unblanched vegetable 
is packed into the container and boiling water added in order to attain a 
good degree of degassing. The cans are clinched and enter upright through 
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Figure 16.14. Pilot Thermasept line with seamer (Vogel, 1991) 


a hydrostatic lock in one revolution, where there is a steam pressure slightly 
above atmospheric. This completes the degassing. The containers enter into 
the steam blanching and are placed horizontally, and while being rotated the 
liquid drains out to be replaced with steam at 101-102°C. The cans pass 
into the sterilization chamber, which is maintained at a steam pressure of 3 
bars absolute (29 psig) by going through a lock. They remain there for 3-4 
minutes in accordance with the bacterial load on the product or the degree 
of cooking desired. Following sterilization, the containers pass through a 
communication lock into a chamber in which there is a pressure of 0.5 bar 
less than that in the sterilization chamber. They then pass through an exit 
lock and cooled under water sprays. The internal can pressure decreases, 
the covers are depressed, and by the condensation of the internal water 
vapor a high degree of vacuum is created. 
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PART IV 

POSTPROCESS PRODUCT 
HANDLING AND QUALITY 

The postprocess handling of the filled sealed containers is a critical control 
point for the maintenance of the safety and stability of canned foods. Bitter 
experience has demonstrated this factor all too often. Poorly designed, 
maintained, or regulated container conveying systems can and have led to 
container abuse, which in turn can cause permanent or temporary distortion 
of the container, leading to an increased incidence of postprocess leakage 
and microbial contamination. Poor seam or closure quality in combination 
with abuse increases the risk of postprocess leakage. While spoiled product 
is more frequently the result of such contamination, sufficient numbers of 
foodborne illnesses that result from postprocess leakage make this a safety 
factor as well as one of product stability. Increased production speeds and 
the use of lighter-gauge metal has made this control point even more critical. 
Glass containers require special attention as abuse may cause fractures or 
breakage as well as lifting of the caps, resulting in loss of hermeticity. 
Plastic semirigid and flexible containers also require special attention if 
abuse is to be minimized. All containers are most susceptible to postprocess 
contamination when they are warm and wet and when in this state should 
not be manually handled. 

Any container conveyor or container contact surface that is wet during 
production periods will permit rapid growth of any infecting microorganisms 
unless it is effectively cleaned at least once every 24 hours as well as 
routinely disinfected during production periods. Porous materials should not 
be used, and surfaces that become porous, heavily corroded, or damaged 
through use should be repaired or replaced, as they will reduce the efficiency 
of any cleaning and disinfection and increase the risk of postprocess 
contamination. All personnel should be made fully aware of the importance 
of personal hygiene and good habits in the avoidance of postprocess 
container handling contamination. Postprocess cooling areas of continuous 
cookers, including hydrostatic cookers, can be continuing sources of high 
bacterial concentrations unless stringent measures are taken to clean and 
disinfect them regularly to avoid microbial buildup. 

Products should be stored and transported under conditions that will not 
adversely affect the integrity of the container or the stability and safety of 
the product. A frequent cause of container damage is the improper use of 
fork lift trucks. Corrosion of metal containers can result when stored at high 
humidities, particularly over long periods and especially in the presence of 


603 



604 


FOOD CANNING TECHNOLOGY 


mineral salts or substances that are even weakly alkaline or acidic. Hie 
storage conditions, therefore, including temperature, should be such as to 
prevent deterioration or contamination of the product. Rapid temperature 
changes during storage should be avoided, as this can result in the 
condensation of moist air on metal containers and increase the corrosion 
potential. 

It should be evident from the preceding chapters that each 
establishment should have access to a suitably equipped laboratory, 
especially for carrying out the testing and inspection of container closures, 
microbiological analyses as required, and assessment of the adherence of the 
end product to any required product quality standards. Laboratory testing 
and analytical procedures used should preferably follow recognized or 
standard methods in that the results may be readily interpreted. It is 
essential that any testing for pathogenic organisms be well separated from 
food processing areas and be restricted to essential personnel who fully 
understand and follow the measures to prevent personal contamination. 

The preceding chapters have shown that end-product quality can only 
be achieved by the selection of the appropriate raw products and ingredients, 
their preparation, packaging, and processing. While some quality attributes 
of the end product can and do vary, subject to consumer acceptance, there 
are other attributes that are mandatory. All canned foods must be: 

• to the extent possible in good manufacturing practice, be free from 
objectionable material, 

• be commercially sterile (i.e., microbiologically stable), and not contain any 
substances originating from microorganisms in amounts that may 
represent a hazard to health, 

• be free from chemical pollutants in amounts that may represent a hazard 
to health, 

• comply with the requirements on pesticide residues and food additives set 
forth by the Codex Alimentarius Commission or by the country in which 
the product will be offered for sale, 

• comply with any pertinent standards of identity and quality under the 
Codex Alimentarius Commission or the country in which they will be 
offered for sale. 

Control of the safety and stability of canned products cannot be 
exercised through end-product testing and analysis. It can only be attained 
by efficient and consistent control of the critical points for each of the 
identified hazards at each step in the process from the raw materials to the 
storage, transportation, and distribution of the end product. The Hazard 
Analysis and Control Point System (HACCP) has been designed to identify 
both the hazards and their control points as well as the means for their 
control. The preceding chapters, as well as the two in this part, identify the 
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common hazards and their control points. However, there may well be 
hazards and control points that have not been covered and that are 
particular for a product, container, processing system, etc. Canners would 
be well advised to carry out the implementation of a HACCP system for 
each product. 

Processing and production records are an essential element of any 
HACCP system and a mandatory requirement of most regulatory agencies 
throughout the canning world. Permanent and legible dated records of time, 
temperature, code mark, and other pertinent details should be kept 
concerning each retort load, batch, run, and so forth. These records are 
essential as a check on processing operations and will be invaluable if some 
question arises as to whether a particular lot had received adequate heat 
processing. They should be made by the retort or processing system 
operator or other designated person on a form that should include: 

• product name and style, 

• the code lot number. 

• the retort or processing system and recorder chart identification, 

• the container size and type, 

• the approximate number of containers per code lot interval, 

• the minimum initial product temperature, 

• the scheduled and actual processing time and temperature, 

• the reference temperature indicating device and recorder readings, 

• closing vacuum for vacuum-closed products, 

• fill-in weights. 

Some records are particular for the processing system. When processing 
in steam batch still retorts, the time steam is turned on and off, come-up 
time, temperature, sterilization time, and temperature should be recorded. 
For agitating systems using steam, batch, or continuous, in addition to those 
items listed for still retorts, the continuous functioning of the condensate 
bleeder, retort, and/or reel speed, and, where specified in the scheduled 
process, the container headspace, ingoing product viscosity and/or 
consistency, maximum drained weight, minimum net weight, and the percent 
solids should be recorded. For hydrostatic systems the temperature in the 
steam chamber at just above the steam/water interface, at the top of the 
dome, if applicable, speed of the container conveyor, and, where the 
scheduled process specified, measurements of particular temperatures and 
water levels in the hydrostatic water legs as well as for agitating systems 
rotative chain speed, and other critical factors such as headspace and initial 
product consistency should be measured and recorded. 

In addition to the records listed for steam processing, water systems 
should have the water level, water circulation rate, and the overpressure 
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measured and recorded. In steam/air systems the induced air pressure and 
circulation rate should be recorded in addition to those listed for steam 
systems. 

In the case of aseptic and packaging systems, detailed automatic and 
manual record requirements depend on the type of processing and packaging 
systems used. However, they must provide complete and accurate 
documentation of the presterilization and running conditions actually used. 
In the thermal treatment of the product, the presterilization times, 
temperatures, and media used should be recorded, as should the running 
conditions, such as product temperature at the final heater outlet, product 
temperature at the holding section outlet, product flow rate, and the 
differential pressures if a product-to-product regenerator is used. For 
container sterilization, the type of media used, sterilization times and 
temperatures used to pre-sterilize the filling and closure aseptic zone should 
be recorded as well as the media or means for sterilization of the containers 
or container material, which would include, where appropriate, exposure 
times, media temperatures and composition, dosage strengths, and so on. 

Process records should be identified by date, code lot, and other data 
as necessary so they can be correlated with the written record of lot 
processed. Each entry of the record should be made by the retort or 
processing system operator or other designated person (or automatically in 
the case of computerized systems) at the time the specific retort or 
processing system condition or operation occurs. The person designated to 
make the records should sign or initial each record form. Prior to shipment 
or release for distribution, but not later than 1 working day after the actual 
process, a representative of plant management who is competent should 
review and ensure that all processing and production records are complete 
and that all products received the scheduled process. The records, including 
the recorder thermometer chart(s), should be signed or initialed by the 
person conducting the review. 

Written records of all container closure examinations should specify the 
code lot, the date, and time of the closure inspection, the'measurements 
obtained, an all corrective actions, if any were taken. The records should be 
signed or initialed by the inspector carrying out the inspection and reviewed 
by the plant management as detailed for the processing records. Records 
should be kept that show that effective treatments of cooling waters were 
maintained or that the microbiological quality was controlled at adequate 
levels. Records should be maintained that identify initial distribution of the 
finished product to facilitate, if required, the segregation of specific food lots 
that may have been contaminated or are otherwise unfit for their intended 
use and product recalls. 

All records should be retained for not less than 3 years and kept in a 
manner that will permit ready reference. 
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CONTAINER HANDLING 

AND STORAGE 


17.1 INTRODUCTION 


The mechanics of postprocess container handling and storage are basically 
that of materials handling adapted to the particular requirements of the 
canning industry. Most of the conventional operations common to a wide 
scope of the manufacturing industry, such as conveyors, palletizers, 
depaletizers, and various trucks for moving and lifting loads, are used. A 
complete documentation of the various methods and equipment employed 
is not within the scope of this text as volumes are available specifically for 
this purpose. However, the wide range of container types (e.g., rigid cans 
and glass, semirigid, and flexible plastics, etc.) and their vulnerablity demand 
certain precautions and controls. The primary hazard is that of postprocess 
contamination, which can result in product spoilage and even a hazard to the 
health of the consumer. Further economic losses can be incurred as a result 
of damage to the containers, rendering them unsaleable. These aspects are 
very important to the canner and will be discussed. Both container handling 
and storage play a significant role in this aspect. 


17.1.1 


Postprocess Conta 


H 


ination and Spoilage 


Thorpe and Everton (1968) stated that postprocess contamination (i.e., 
leaker infection) was the most common cause of spoilage encountered in 
low-acid canned foods in the United Kingdom. Furthermore, subsequent 
growth of the contaminating microorganisms did not always announce its 
presence in the form of swollen cans (i.e., produce gas) or blown cans. In 
fact, the nonswollen or flat leaker spoilage rate often equalled that of the 
swollen spoilage rate and in some instances exceeded it. Murrel (1978) 
found that of 195 microbiological spoilage incidents investigated over a 
period of 22 years that covered a broad spectrum of canned foods, 102 were 
attributable to postprocess contamination compared with only 84 caused by 
underprocessing. Segner (1979) estimated that postprocess contamination 
was the cause of at least 90% of canned food spoilage in the United States. 
Pflug et al. (1981) found that of the 1104 blown (swollen) cans collected 
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from retail outlets in the United States, 314 (28.4%) had serious can defects. 
Microbiological examination of the remaining 790 cans showed that 86% 
contained typical leaker spoilage microorganisms. Thorpe (1983) wrote of 
reports in which 69% of the spoilage incidents involving blown cans 
investigated by a private canning laboratory were due to leaker infection, 
and no visual defects were found in 55%. Stursky et al. (1980), in their 
extensive review of food poisoning incidents associated with leaker spoilage 
that involved 18 countries covering four continents, demonstrated that leaker 
infection is widespread and the commonest form of spoilage generally faced 
by the industry. 

Subba Rao (1962) reported that 42.6% of incidents involving Indian 
canned foods were due to infection from cooling water. Gillespy (1960) 
reported that of a total of 14,600 cans of peas drawn at random from 22 
canneries that used chlorinated or potable water for can cooling in the 
United Kingdom an alarming proportion of cans (0.6-0.4%) became infected 
and soured without becoming blown. The 1964 Aberdeen typhoid incident 
provided direct evidence that infecting microorganisms do not always result 
in swollen cans, as the S. typhi and coliforms, which normally produce gas in 
laboratory culture media, did not do so when grown in corned beef. Similar 
results were found in the case of other typhoid incidents in the United 
Kingdom, (Ross, 1966). Following the 1982 incident of botulism from 
canned salmon in Belgium, stocks of Canadian canned salmon were 
inspected for the presence of visible can defects. Blown or swollen cans 
represented only 8.5% of the total cans that had defects, of which 96% 
showed positive evidence of microbial spoilage. Of the remainder, the 
incidence of microbial infection varied with respect to the particular defect. 
For example, the average was 22.8% for droops, vees, and knocked down 
ends, whereas cans that had knocked down flanges, cut-overs, and cut-down 
flanges averaged 61.7% (Couture and Brown, 1983). In 97 incidents that 
resulted in blown cans, non-gas-forming organisms were recovered in 40% 
of the cases where apparently sound cans from the same batch were 
examined (Thorpe, 1983). 

17.1.2 Causes of Postprocess Contamination 

For postprocessing contamination to occur, the container must leak at a time 
when it is exposed to microorganisms. Leakage in this situation means 
ingress (i.e., into the container) rather than egress (i.e., from the container); 
otherwise, there would be no contamination. With modem container 
manufacturing and closure operations it is possible to obtain economic 
manufacture and closure speeds while providing, in a very high proportion, 
protection of the contents from microbial infection. However, the protection 
is not complete (Thorpe and Everton, 1968). 
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Bashford and Herbert (1966) found that while many cans that exhibited 
evidence of postprocess microbial contamination had identifiable defects 
(e.g., holes, improperly formed seams, etc.), others had no observable 
structural weaknesses and that 22-30% of cans with good commercial seams 
had temporary leaks induced during cooling and subsequent handling. If 
seams are not in accordance with specifications or if they are subjected to 
manual or mechanical abuse during the postprocess handling, then the 
incidence of leaking cans will be greatly increased (Blackwood and Kalber, 
1943; Smith, 1946; Braun and Pletchner, 1952; Everton and Herbert, 1962). 
However, coincident with the occurrence of a temporary leak, micro¬ 
organisms must be present for contamination to occur. Bohr (1963) 
suggested that the volume of cooling water that passes into a can in such 
leaks could be between 1 x 10" 2 and 1 x 10" 6 ml. Smith (1946) and Put 
(1972; 1980) demonstrated that the increased incidence of swollen (blown) 
cans increases in direct proprtion to increases in the microbial population in 
the cooling water. If the minute amount of cooling water entering the can 
contains no viable microorganisms, then there is no hazard. 

The great importance of minimizing abuse of cans both before and 
particularly after heat processing was stressed by Thorpe and Everton (1968). 
Cans subjected to excessive abuse under factory operating conditions have 
shown increased spoilage rates (Smith, 1946; Braun and Pletchener, 1952; 
Everton and Herbert, 1962). These findings were supported by simulated 
abuse conditions in combination with biotests (Smith, 1946; Demsey, 1958; 
Put (1972, 1980). Put et al. (1972) included data provided as a personal 
communication from J. A. Perigo (1965) that indicated that light repetitive 
abuse that produced no visible deformation of the seam might nevertheless 
result in a significant incidence of reinfection. 

Barring any structural defects to the can body (e.g., holes, punctures, 
etc.) the can seams are the most likely site for leakage. The critical period 
for postprocess contamination is during the later stages of cooling when a 
vacuum has started to develop in the head space and when the seams are 
still wet. It has been well established that when the seams are externally dry, 
the potential for infection by leakage via this route is virtually nil. Thus 
conveying dry cans over dry conveying systems does not constitute a 
contamination hazard. However, should the cans remain or become wet 
about the seams, or are conveyed over wet runways, the contamination 
potential is considerably increased. 

The absolute elimination of all the circumstances that lead to leaker 
infection under normal operating conditions in canneries is not possible. 
However, various measures can and should be taken that will ensure that the 
potential is kept to a minimum. The increased use of cans that have welded 
side seams and two-piece cans has, in itself, resulted in a considerable 
decrease in the postprocess contamination potential; however, preventative 
measures are still required. 
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Most of the preceding work has been done on the rigid metal can, which 
still forms the majority of container types used in the canning industry 
worldwide. Although of equal importance, less work has been reported on 
glass containers. The same risks are found with semirigid and flexible 
retortable containers, as these are more fragile and hence more susceptible 
to damage during handling (e.g., flex cracks, minute punctures, etc.). Heat 
seal defects are also a major cause of postprocess contamination in these 
types of containers, with microbial quality of the cooling water and abuse 
while still wet and warm being prime causative factors. Due to their fragile 
nature there is a tendency to handle these containers manually with the 
same disasterous consequences that have been observed with their rigid 
cousins. Product from aseptic processing and packaging systems is not 
excluded from this type of infection and spoilage. Control measures 
recommended for rigid containers are very applicable to semirigid and 
flexible containers, whether processed in a conventional manner or by an 
aseptic processing and packaging system. 

17.2 GOOD HYGIENIC PRACTICES FOR POSTPROCESS CONTAINER 
HANDLING 

The various studies and reports reviewed in the preceding section leave little 
doubt that postprocess contamination is a prime cause of canned food 
spoilage. As a result of a concerted effort by the canning industry in many 
countries, the various factors that contribute to postprocess contamination 
have been identified and corrective measures advanced. These measures, 
generally referred to as Good Manufacturing Practices (GMP) or preferably 
Good Hygienic Practices (GHP) are: 

• Ensure that the incidence of serious container defects is kept to a 
minimum (Chap. 10) and that seams comply with the required 
specifications. 

• Use cooling water that has good bacteriological quality and/or ensure that 
it is adequately and continuously disinfected. 

• Dry containers as quickly as possible, particularly around the seams. 

• Minimize container handling abuse before, during, and after processing. 

• Clean and disinfect container handling equipment on a regular basis, 
particularly in those areas in which wet cans are conveyed. 

• Avoid manually handling of cans while they are wet and warm. 

• Appropriate training of all employees involved in the processing and 
handling of containers. 

• Segregate product preparation areas from the postprocess container 
handling areas to minimize cross-contamination. 
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17.2.1 Container and Container Closure Quality 

There is no doubt that serious container defects, as discussed earlier, are a 
major cause of postprocess contamination. The quality of the seams or seals 
is also critical, and they should meet the required specifications. Control 
measures for containers and their closures were reviewed in Chapter 10, as 
were the various defects that occur. Faulty containers can lose some of their 
contents during processing, which results in contamination of the cooling 
water and in turn makes its disinfection more difficult to maintain. One 
result of the investigation of the 1982 botulism outbreak in Belgium that 
involved Alaskan canned salmon was the revelation that Canadian canned 
salmon had a high incidence of serious can and seam defects with a 
corresponding high incidence of postprocess contamination. An immediate 
corrective action that involved sorting all existing lots was invoked under the 
supervision of the Canadian Department of Fisheries and Oceans. Studies 
in Canada and in the United Kingdom showed that the majority of cans that 
had serious defects also had reduced head space vacuums and/or reduced 
end plate deflections due to contortion that resulted from the defect or loss 
of vacuum. Continuous and automatic systems were installed to measure 
end plate deflections and reject those below a critical level. Cans with 
serious defects were concentrated in this fraction of the lot, and studies 
showed that each type of defect had a probability of occurrence in this 
fraction that could be used to determine the outgoing quality level with 
respect to each defect after sorting. The outgoing quality level could not 
exceed four defects in 10,000 cans. Lots that were found to exceed this level 
were subject to 100% manual sorting. The sorting procedures were made 
mandatory and specific inspection and screening procedures were issued 

(FANDO, 1987). 

17.2.2 Container Cooling 

Water is the prime transport medium through which microorganisms gain 
access to container contents via leakage pathways. To reduce overcooking 
and total process cycle time, products are cooled as rapidly as possible in 
water. Slower air cooling is used for some products that are not adversely 
affected (e.g., canned salmon). Bryan and Morris (1932) showed that the 
ratio of bacterial spoilage from air cooling to that from water cooling was 
one to 10. 

Leakage infection occurs during cooling when a head space vacuum is 
again established in the product. However, as was pointed out earlier, the 
cooling water must also contain an appreciable number of microorganisms. 
Control of the microbiological quality of cooling water is reviewed in the 
introduction to Part II. It should be remembered that contamination with 
microorganisms does not necessarily lead to spoilage. For spoilage to occur, 
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the organisms must grow to the extent that they cause an alteration to the 
organoleptic properties of the product, such as odors, physical changes, and 
so on. Hence, with no bacterial growth, there is no evidence of spoilage. 
However, some food-borne pathogens (e.g., Salmonella) can cause illness 
even when present in very small numbers, 1 or 2 cells/gram (Chap. 3). Thus, 
even if they do not grow, their presence in a food can constitute a health 
hazard. Some organisms, as discussed earlier, do not produce gas when they 
grow in the product, nor do they cause any appreciable alteration to the 
organoleptic properties; hence, their presence may not be perceptible to the 
consumer. The microbiological quality of the cooling water is a critical 
control point in the prevention of postprocess contamination. 

17.2.3 Container Drying 

Cans cooled in contaminated cooling water and dried before passage 
through a zigzag runway designed to abuse the cans moderately showed a 
blown can incidence of 0.4%, whereas those that were not predried had an 
incidence of 2%. Running wet cans over wet runways showed a spoilage 
incidence of 0.12%; however, when dry cans were run over the same runway 
when it was dry, no spoilage was observed in 60,000 cans (Shapton and 
Hindes, 1962). When wet cans were unscrambled and conveyed directly 
from the retorts to the labeler, a blown spoilage rate of 0.1% was observed; 
however, when the cans were allowed to dry before handling, the spoilage 
rate was reduced to zero (Everton and Herbert, 1962). Therefore, it is 
evident that externally dry seams and closures are virtually exempt from 
microbial infection. In addition, predrying containers reduce the area of 
mechanical can handling and conveying systems that will become wet during 
production and therefore need more frequent cleaning and disinfection to 
prevent buildup of bacterial contamination. 

Can driers, if installed, should be located as close as possible to the exit 
of the cans from the cooling section of continuous retorts or the crate 
unloading station of batch retorts. Thus, the wetting of subsequent runways 
will be kept to a minimum, as will the bacterial buildup. Various methods 
and equipment are used to dry containers, each of which has advantages and 
disadvantages. 

One method that has been found to be quite efficient is the heated bed 
drier (Eurodrier), which rolls cans over a surface heated by steam to 
127-130°C (261-266°F) covered by an absorbent cloth (Fig. 17.1). 
Contaminating bacteria are rapidly killed at these temperatures, and 
bacterial growth is prevented as the water evaporates rapidly from the 
absorbent cloth. Just before entering the heating section, the cans pass 
through a full twist with compressed air across both ends to remove water 
trapped in the ends. Control of the can feed to the twist is important if can 
backup and subsequent can abuse is to be avoided. 
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Figure 17.1. Heated bed drier (Eurodrier) (adapted from Thorpe and Barker, 1985). 

Air driers are more common. Apart from specific applications, for 
example, in the Eurodrier, compressed air is not widely used. However, 
when compressed air is used, the supply lines should be fitted with 
condensate traps to prevent moisture and oil from being blown onto the 
container surface. The majority of air driers use high velocity, unheated air 



Figure 17.2. Illustration showing the positioning of a forced draft air knife relative 
to the rolling cans to sweep from one end to the other. Can rotation is critical to 
avoid moisture entrapment at the can to can interface. (Adapted from Thorpe and 
Barker, 1985.) 
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blown through plenum chambers to produce a series of air knives which is 
directed over the cans (Fig. 17.2). Water is blown out of can countersinks 
and stripped off the can bodies working from one end of the container to 
the other. To remove excess water, particularly from the countersinks, the 
cans are passed through a twist before they enter the drier. Drying 
efficiency can be seriously affected if exit slots of the plenum chambers 
become partially blocked and the air streams are not correctly realigned 
after modifications to lines to handle a change in container size. In most 
installations at least three chambers are used and arranged around the 
conveyor similar to that shown in Figure 17.3. As water can become trapped 
at the interphases of stationary cans, the cans must be rotated as they pass 
through the air knives to ensure complete drying. As the forward rolling 
motion of the cans can cause can abuse (i.e., rim denting) as a result of a 
combination of impact and pressure abuse, the infeed rate must be 
controlled and the cans should not roll with the double seams on guides or 
runners. 

Some hydrostatic sterilizers dry the containers in the carrier bars before 
they are discharged. After cooling, the containers are sprayed with a 
surfactant/steam mixture before they travel down the drying leg. A 
countercurrent of air is drawn up the leg by extraction fans located at or 
near the top of the sterilizer. With such installations, the initial water 
removal and final evaporative drying stages are completed while the 
containers are still in the carrier bars and the sanitation of the subsequent 
postprocessing can handling systems is considerably simplified. However, it 
will still be necessary regularly to sanitize the drying section of the sterilizer. 
The application of live steam sufficient to attain a temperature throughout 



Figure 173. Illustration of a normal arrangement of multiple air knives for efficient 
drying (adapted from Thorpe and Barker, 1985). 
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the drying section of 90°C and maintain that temperature for at least 30 
minutes has been found to be most effective. 

Most container driers will leave small amounts of water around the 
double seams that can subsequently be discharged should the cans receive 
any physical shocking during their travel on the conveying equipment. This 
will wet the conveyors and permit contaminating bacteria to grow. 

In some canneries the practice is to tilt the retort baskets in an effort to 
remove water held in the countersinks and to allow the cans to continue to 
cool and dry while in the baskets. With this method, containers located at 
or near the basket center cool much more slowly, which can lead to 
thermophilic spoilage. 

17.2.4 Container Abuse 

Along with serious defects that result from the imperfect manufacture and 
closure of containers, rough handling is a prime cause of postprocess leakage 
and subsequent infection. While the former are more likely to result in 
permanent leakage pathways, the latter are more generally associated with 
temporary or microleakage. 

There are two types of container abuse: impact and pressure. Impact 
abuse occurs between two or more containers as they roll or slide down 
runways knocking into each other or into protruding sections of the 
conveyor. In severe cases the double seams may be flattened or rim dents 
occur just below the seam. Pressure abuse is normally found where 
containers on conveyors stop moving forward, but the conveyor continues to 



Figure 17.4. Illustration of the effect of impact or pressure abuse just above the 
double seam, which can lead to leakage and bacterial contamination, especially when 
the can is warm and wet and the seam compound is not set (adapted from Thomas, 
1991 ). 
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run. In this situation, the cans tend to ride up on each other so that the 
seam of one can presses into the body of the next, as illustrated in Figure 
17.4. The damage occurs just under the seam and may extend for as much 
as 20 or 30% of the circumference. Evidence of dents as illustrated earlier 
indicates that serious abuse has taken place and corrective action should be 
taken. However, as stated earlier, light repetitive knocking, particularly 
when the cans are still wet and warm and the end-sealing compound has not 
completely set, can cause the seams to open momentarily and lead to leaker 
spoilage. Therefore, the absence of dents is not always an indication that 
abuse has not occurred. Studies have shown that abuse can be cumulative 
for each unit in the handling line. Three unit operations have been 
identified as causing the most spoilage: the dumper, belt conveyor, and 
caser. 

The control of can abuse is one of the more difficult requirements to 
achieve in the overall control of leaker infection. With current mechanical 
conveying systems there is always likely to be some degree of abuse. The 
trend to lighter tinplate makes the need for control more important, as does 
the modern practice of operating higher speed lines. At speeds above 300 
cans/minute it is advisable to use multilane conveying systems to keep the 
degree of abuse of cans within acceptable limits. Special care should be 
taken to prevent abuse to glass containers and their closures, as well as to 
semirigid and flexible containers. Abuse of semirigid and flexible containers 
may lead to perforation of the container or flex cracking in the case of 
flexible pouches. 

17.2.5 Sanitation of Postprocess Container Handling Systems 

External surfaces and seam or seal areas of containers cooled in properly 
chlorinated or otherwise treated water should be virtually free from external 
microbiological contamination when discharged from the sterilizing systems. 
However, the residual chlorine present in the cooling water retained by the 
containers is not sufficient to disinfect handling systems when they become 
wet. Thorpe and Everton (1968) found bacterial counts in excess of 10 6 /4 
in. 2 in less than 4 hours on postprocess container handling equipment when 
wetted with appropriately chlorinated cooling water adhering to the 
containers, even when the surfaces had been presanitized to a surface count 
of 500/4 in. 2 . They also discovered that heavy infection developed in a 
relatively short time on all surfaces that became wet during production 
periods unless these surfaces were cleaned and disinfected at least once 
every 24 hours. In addition, to maintain a proposed standard of 500 
microorganisms per 4 in. 2 , it was necessary to mist spray the surfaces 
regularly with a disinfectant during production periods. Quaternary 
ammonium compounds were selected in preference to chlorine solutions 
because the latter required more frequent application and caused some 
corrosion problems at the 300 ppm concentration required for disinfection 
of the runways. 
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Badly corroded surfaces provided greater adhesion of soils. 
Microorganisms growing in pits or crevices can be shielded from the 
cleansers and disinfectants. They continually seed the line, making it more 
difficult to maintain any standard. Studded rubber and canvas belts used on 
certain types of can elevators could not be effectively cleaned and should not 
be used, certainly in situations where they may become wet from the 
containers. There is a very direct correlation between unsatisfactory hygienic 
design and construction of postprocess handling equipment and high 
microbial counts. Cross-contamination can occur when unprocessed 
container conveyors cross over those that convey processed products. Dead 
plates in conveyors for changing container directions are especially prone to 
accumulation of dirt and hence microbial contamination. Many of the 
critical points in which postprocess contamination of containers can occur in 
the conveying and handling equipment have been well documented, along 
with suggested corrective action by Thorpe and Barker (1985). 

17.2.6 Manual Handling of Wet Warm Containers 

Manual unloading of wet cans from retort crates while they are still warm 
after processing has been shown to have resulted in staphylococcal food 
poisoning incidents (Bashford et al., 1960). Staphylococcal infection 
accounts for a very high proportion of the total food poisoning outbreaks 
from canned foods (Cockbum, 1960: Stursky et al., 1981, Gilbert et al., 
1982). The primary source of this type of infection is nearly always a human 
carrier, as more than one-half of the human population carry staphylococci 
in the nasal passages, which can and does result in contamination of the 
hands (Gillespy and Thorpe, 1964). The manual handling of containers, 
particularly when they are wet and warm, should be discouraged. However, 
situations arise in any cannery, such as line stoppages, uprighting of fallen 
cans, and so on, in which an operator must take immediate action and 
actually handle some cans. The operators should maintain a high degree of 
personal hygiene, especially with respect to frequent and thorough hand 
cleaning and disinfection. If containers must be handled, then they should 
be completely dry and at ambient temperature. 

17.2.7 Training of Personnel 

Personnel involved in the postprocess handling of canned foods should be 
trained in and observe all the regimes of personal hygiene, cleanliness, and 
hand washing required of all food handlers. Because they are involved with 
processed products packaged in hermetically sealed containers there, is a 
tendency to relax with the belief that the products at that stage are not 
vulnerable. As has been shown earlier in this chapter, this is a fallacy. In 
addition to the training, constant supervision is required to ensure that 
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appropriate standards are maintained. Their training should be extended to 
recognize evidence of can abuse and can defects. They should immediately 
report any evidence of a problem and its location so that corrective action 
can be taken. Can-handling equipment tends to be noisy; however, 
operators can be trained to recognize and be alert for sound of can impact 
abuse as these tend to be quite distinct from the normal noise. Even in the 
best-designed and constructed systems, wear and repair can cause alterations 
that result in can abuse, either impact or pressure. 

17.2.8 Segregation of Raw Product Reception and Preparation Areas from 
Postprocess Container Handling 

The main microbial contamination of container handling and conveying 
equipment comes from dust carried by air currents. It is a basic principle 
of food hygiene that raw and cooked products be prepared and stored in 
separate areas and different employees be used in each area to minimize 
cross-contamination. In some cases (e.g., where raw root products are 
involved), separation simply by distance may not be enough as all areas will 
share the same air. Physical separation by walls is preferred. When physical 
separation is not possible and dust in the air is a problem, the flow of air in 
the plant should be from the dry, container handling and packaging area to 
the raw product preparation and reception. Efficient use of available labor 
does not always permit separate crews for each production area. When 
personnel are to work in both the raw product preparation and later in the 
container-handling and casing area, they should undergo a complete change 
of working clothes and thoroughly wash and sanitize their hands. The leaker 
infection incidents involving C. botulinum type E in canned tuna in 1963 and 
canned salmon in Manchester in 1978 were the result of cross¬ 
contamination, which was the suspected cause of the 1982 incident with 
canned salmon in Belgium. 

17.3 PREPARATION FOR SHIPPING AND STORAGE 

As can be realized from the preceding chapters, canning produces large 
numbers of units in a variety of container types and sizes that, in addition 
to the handling describe in the previous section, need to be reassembled, 
proportioned, identified, and packaged to make them suitable for shipping 
and distribution for storage and sale. The basic operations are common to 
all canned products; however, the manner in which they are carried out will 
depend upon the type of subsequent packaging required, the product 
container types, and, of course, the output of the establishment. The final 
packaging and handling has considerable impact on the presentation, the 
integrity, and the security of the products sent to the consumers. 

After cooling and drying, the containers can either be palletized bright 
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(unlabeled) before being placed in stock, or labeled, cartoned, and again 
loaded on pallets. Palletizing and storage bright is the rule in the seasonal 
canneries as it permits better utilization of the personnel during peak 
production periods by stocking product to be labeled and packaged for 
distribution and sale as required during the ensuing year. However, for 
those plants processing products continuously throughout the year, labeling 
and packaging is usually continuous after processing. In this case, in order 
to regulate the production and packaging rates, it is of interest to insert 
between the two operations of processing and packaging a palletizing and 
depalletizing system. This permits the regulation of the flow of cans without 
causing a stoppage in the production in case of a breakdown at the 
packaging stage. 

17.3.1 Palletizing 

Prior to the advent of the first automatic mechanical palletizers on the 
market, most of the plants either made their own pallets or had them made. 
As a consequence, the dimensions tended to vary from plant to plant from 
a maximum of around 1.3 x 1.5 m (51 x 59 in.) with a majority being around 
1.12 x 1.42 m (44 x 56 in.). At present to accommodate palletizing 
equipment and to permit interchange of pallets within the industry, certain 
canners have adopted the 1.0 x 1.2 m (39 x 47 in.) pallets and even 0.8 x 1.2 
m (31.5 x 47 in.) for in-plant handling and shipping. 

From an in-line feed, the containers are grouped on an accumulation 
table into a single layer that has dimensions less than but as close as possible 
to that of the receiving pallet. When the layer is formed, the palletizer 
transfers the accumulated containers from the table to the receiving pallet. 
To assure the homogeneity and stability of the layers, it is common practice 
to place paper or corrugated cardboard inserts between layers. The number 
of layers is in accordance with the container size, pallet dimensions, and the 
total weight load should the pallets be stacked in storage. Selection from 
the several types of palletizers that are presently available is usually dictated 
by the production capacity, utilization time during the year, and degree of 
automation desired. 

There are basically two methods are used to form the layers prior to 
their transfer to the pallet with the choice dependent upon the production 
output. In one, the containers are accumulated in staggered rows on the 
feed conveyor and a push bar selects two rows pushing them onto the layer 
forming table. To occupy the maximum surface of the pallet, it is possible, 
by using a special instrument, to form layers with an odd number of rows. 
The output of this system is about 12 thrusts of 2 rows/minute. The second 
type uses a conveyor and is used when the production surpasses the 
capacities given previously. The containers arrive in file against a barrier 
and arrange themselves into staggered rows. This method permits the 
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attainment of a rate of up to six layers per minute while avoiding container 
impact; it is particularly recommended for glass jars. 

The output of the palletizers is also a function of the rate of transfer of 
the layers from the forming table to the pallet. A beam type of transfer is 
used for production rates in which a maximum of 1.5 layers is formed per 
minute. A carriage carrying a grasping plate can move along the beams to 
service one or several layer-forming tables. The carriage is very adaptable 
for small productions. One person can control the palletization of several 
lines. For production rates that have a maximum of 2.5 layers per minute, 
a palletizer with a hydraulic or electrical movement coupled with a pallet 
feed and removal and an automatic divider placement should be selected. 
For higher production rates and to avoid impact shocks to the containers, 
it is necessary to lift the pallet to the level of the layer-forming conveyor. 
This avoids the vertical movement of the holding plate, and the time 
involved in this move permits the automatic feed and removal of the pallets, 
as well as the placement of the dividers. 

For steel cans, the mobile magnetic plates have been successfully used 
for some time to transfer layers of steel containers from the accumulation 
tables to the pallets. They are capable of accepting cans of a variety of sizes. 
However, the trend toward decreasing tinplate thickness has required 
development of transfer plates specific for a set range of can sizes and 
minimize the risk of container abuse. For glass jars, plates designed for use 
with the maximum can size range are recommended. If not properly 
adjusted, then the weight of the magnetic plate can cause a marking of the 
caps during movement of the layers. To prevent this, a system for 
compensating the load so that it is lightened during the attachment and 
deposition of the layer can be installed. 

The arrival on the market of cans formed from nonmagnetic materials 
(e.g., aluminum, synthetic materials, composites, etc.) has necessitated the 
utilization of vacuum (i.e., suction) plates. These plates are designed for a 
particular container diameter. Thus, a change in the container diameter 
requires a different plate. 

The filled pallets can be stored up to three pallets high. There are some 
basic rules that should be followed when handling and stacking filled pallets, 
some of which are illustrated in Figure 17.5. The pallets should be of sound 
construction so that the load is evenly distributed over its surface and the 
load should be symmetrical. When stored they should be placed on level 
surfaces, again to avoid any load imbalance. Fork lift trucks are notorious 
for causing damage to product stored on pallets. Stacking too high can 
surpass the load tolerance of the lowermost product and can cause distortion 
of the containers, especially with today’s use of thinner metal in cans. Of 
course this is even more important when semirigid and flexible containers 
are used. 

To avoid oxidative can corrosion, the humidity level of the storage areas 
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Avoid accidental lateral 
or vertical collisions 


The load should be uniformly distributed 
over the entire surface of the Jars. Pallets 
in good condition, loading surface as flat 
and even as possible, outer dimensions 
of each layer of jars Inferior to those of 
the pallet, adequate dividers between 
layers and pallets. 



Store on a flat surface in good 
condition to have a uniform 
distribution of the load 



When budding a pallet stack 
place each load horizontally 
and without impact 


Figure 17.5. Some examples of pallet handling and stacking abuse (adapted from 
APELOVER, 1991). 


should be controlled because even a slight initiation of rusting (i.e., slight 
reddish discoloration) can have disastrous consequences. The risk of 
oxidation is particularly evident at the beginning of spring when there is an 
increase in the outside temperature. During the colder months, the storage 
areas are usually heated in order to avoid a severe lowering of the 
temperature of the cans, which in turn will assist in the avoidance of 
condensation. 
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As for the palletizers, there are several types of depalletizers available 
as well as a choice in the method for transferring the layers, such as the 
beam type, or the hydraulic with or without a pallet-leveling device. The 
selection of a type will depend upon the needs of the canner, the labeling 
capacity, and the downstream operations. Each layer is generally picked up 
and transferred to an accumulating conveyor that feeds a mechanism for 
positioning the containers upright and in-line for labeling and/or cartoning. 
One mechanism involves an evacuation disk equipped with a screw to place 
the containers in line. The output of this system is limited due to the fact 
that high speeds increase the impact shocks to the containers. Another 
alignment system formed by a conveyor equipped with a deflector positions 
the containers into a continuous line with minimum impact; it is being used 
more and more often. 

17.3.2 Labeling and Casing 

17.3.2.1 Labeling 

The role of a label is to inform. Some of the information is voluntary and 
under the complete control of the canner; however, much is obligatory under 
various regulations of the country in which the product will be distributed for 
sale. The information can be grouped as follows: 

• product identification (e.g., peas, diced carrots, beef stew, etc.) and grade 
(e.g., fancy, choice, standard), where applicable; usually accompanied by 
some form of graphics illustrating the product. 

• brand name, a distinctive name protected by trademark registration to 
identify a particular canner’s or distributor’s products from the 
competition. 

• net contents by weight or volume according to the appropriate regulation. 

• name and address of the processor or for whom the product was 
processed in the case where the canner is a copacker producing the 
product for someone else under their brand. 

• list of ingredients including any additives as per the appropriate 
regulation. 

• nutritional information as per appropriate regulation. 

• country of origin if the product was not processed in the country in which 
it will be offered for sale. 

Wraparound paper labels are generally used for cylindrical containers. 
For metal cans they are designed to cover the entire body. Although in 
some cases the large institutional sizes may be restricted to spot labels rather 
than a complete wraparound. The use of lithographed cans is increasing, 
particularly in Europe, giving the products a more attractive eye catching 
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appearance (see Chap. 9). However, for the basic canned foods paper labels 
are still preferred for reasons of economy and flexibility. Labels for glass 
jars are usually designed to expose a portion of the glass to give the 
consumer a view of the product contained. 

The basic principle used by most labeling machines is to apply spots of 
adhesive to the container, which then picks up a label as the containers roll 
through the machine on a track. The label wraps around the rolling 
container and the trailing edge laps over the leading edge of the label and 
a stripe of adhesive is applied to seal the lap. Hygroscopic adhesives should 
be avoided, as they can promote rusting and staining under adverse storage 
conditions. Semirigid and flexible containers present special problems. 
Semirigid containers frequently have the labeling information preprinted on 
the covers, which may also include reconstitution recommendations for 
conventional and microwave heating. Labeling information is printed onto 
the packaging material for the brick packs used for some aseptic packaging 
systems. Due to the more fragile nature of the semirigid and flexible 
containers, they are usually overwrapped for protection and the overwrap 
contains the required label information. 

17.3.2.2 Casing 

Containers are usually cased immediately after labeling. Corrugated 
fiberboard cartons are commonly used for most consumer-sized cans packed 
24 to the case (two layers of 12). Small sizes may be in cases of 48, whereas 
larger sizes like the 46 oz. (1.36 L) are 12 to the case. The large No. 10s are 
packed six to the case. The corrugated board usually has one layer of fluted 
(i.e., corrugated) paperboard sandwiched between outer layers of unbleached 
kraft board providing strength and cushioning. The cartons are delivered 
flat to the canner or warehouse and are formed prior to filling. 

Casing, which was formerly a manual operation, is now highly automated 
in most canneries or warehouses. The cartons are formed and the flaps of 
one end are folded into position and glued. The proper number of cans is 
accumulated in the correct order and deposited into the open end of the 
carton. The inner flaps of the open end are closed mechanically. Glue is 
then applied to the outer flaps, which are folded and pressed down. The 
sealed cases are then mechanically or manually stacked in an alternating 
pattern on a pallet. The pattern of each layer is alternated so that the 
rectangular cases interlock to produce a load that will hold together when 
the pallet is moved. 

The use of corrugated trays holding 12 containers with a transparent 
shrink overwrap is becoming more and more popular. When palletized, two 
trays form a unit comparable to the 24-can cartons. The filled trays are 
overwrapped with the film, which is then lap sealed across the bottom by a 
heated pressure bar and then passed through a hot air tunnel that shrinks 
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the film to form a tightly bound package. In retail stores, the practice of 
removing the film and placing the tray with the cans directly onto the shelves 
is becoming more and more common. The transparent film allows for 
product identification and avoids the usual printing necessary on closed 
packing cases. Empty glass containers are usually shipped in corrugated 
cases with separating partitions. The same cases are used for the filled 
finished product. 

17.3.4 Storage 

As canned foods are nonperishable and generally looked upon by the 
consuming public as having an almost limitless shelf life, storage for 
extended periods is certainly not uncommon. In the case of seasonal 
products that are packed in a matter of weeks, storage is necessary, as sales 
are made throughout the year and, in some cases, in succeeding years. In 
addition to the canner’s premises, canned foods are also stored under a 
variety of conditions at distribution warehouses, in retail warehouses, in 
stores, and, finally, for what can be prolonged periods in the home of the 
consumer. Warehouses for the storage of canned foods are generally large, 
single-story buildings with floors constructed to bear heavy loads and 
withstand the traffic of heavy-duty lift trucks. Modem practice is to stack 
three filled pallets one on top of the other (about 25 ft or 7.5 m high) so 
that high ceilings are required. There should be sufficient clearance between 
the uppermost layer of canned product and the ceiling to allow for good air 
circulation. Relatively cool temperatures and low relative humidity are 
needed to maintain product quality and minimize can corrosion. Rapid 
temperature changes should be avoided, as these tend to cause condensation, 
which can in turn induce corrosion. 

Under extended periods of storage the organoleptic and nutritional 
qualities of some products, particularly fruit and vegetable products, 
deteriorate as a result of reactions within foods, between food and the 
container, and, in the case of products packed in glass, from light. As long 
as the integrity of the container remains intact, temperature and the type of 
container or packaging material are the critical factors in the time products 
will retain their desired qualities. The shelf life or preferably the best-before 
date (BBD) varies from product to product, and even within a product type. 
As plastic containers generally exhibit higher oxygen transmission than do 
metal or glass containers, their products can be subject to oxidative changes 
over extended storage periods. 

Many authors who expound an almost limitless shelf-life cite as an 
example the canned foods left by the various polar explorers that, when 
recovered intact, were found to be still edible after many decades. However, 
it should be noted that under the environmental conditions in which they 
were stored they were probably frozen for at least the major part of their 
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stay, a condition that would be a significant factor in the preservation of 
their organoleptic qualities. In addition, there was sufficient time for the 
autolysis of the some of the meat components to have taken place, resulting 
in an improved texture. A similar phenomenon is seen when sardines, which 
are not too lean, are packed in olive oil and allowed to age in storage. 
When fried in a properly renewed oil bath, the result can be a veritable 
gastronomical delight. 

While the degradation rate of the organoleptic qualities of canned 
vegetable products varies, it generally proceeds quite slowly. For this reason 
it is hardly perceptible during the early years. For example, vacuum-packed 
sweet corn has been observed to remain flavorful for over 5 years, but after 

7-8 years it became insipid and had lost its crispness. Therefore, the 
concept of an indefinite shelf life is one it would be wiser to abandon. From 
the economical point of view, the cost of prolonged storage can exceed the 
low profit margin for many canned food products. Long storage times for 
those products classified as aggressive require use of appropriate packaging 
materials, which are more expensive. 

For these reasons, the concept of declaring a BBD during which time 
the organoleptic and nutritional qualities of the product remain at optimal 
or close to optimal is in the best interests of both the canner and the 
consumer. In 1980 France made it obligatory to inscribe on canned foods 
a date up to which the product maintains, under normal storage conditions, 
its essential characteristics, notably its flavor, appearance, and nutritive 
properties. This was expressed in a more general manner in 1984 when the 
canner was required to inscribe a date on the label up to which the food will 
maintain its specific properties under the appropriate conditions. Other 
countries in the European Union (EU) have followed France’s example. 

Aside from the temperature, the ultimate BBD is dependent upon the 
adequacy of the container/contents combination. Thus, the packaging must 
be adapted to the characteristics of the product to be canned to achieve any 
desired BBD. There are also products that require a specific storage time 
to attain optimal organoleptic qualities (e.g., the sardines cited earlier). A 
canner may also want to take advantage of particular conditions such as a 
rapid or slow turnover to opt for the types of packaging more or less high 
performing and adjust the BBD accordingly. 

Table 17.1 shows some of the values proposed by the Commission of 
Technicians of the French Interprofessional Canning Committee for the 
BBD of various products in metal cans (steel base). The ranges are due to 
the variations in the BBD with respect to the method of preparation of the 
products and/or the type of cans used. 

17.4 Corrosion 

Corrosion of metal containers, particularly those made from tinplate, can be 
internal and/or external and may be initiated at various points in the process 
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Table 17.1. Best-Before Periods Proposed by the Commission of 
Technicians of the CIC (France) 


Vegetables 

Time (years) 

Fruit 

Time (years) 

Products of vegetable 




origin 




Asparagus, artichokes 

2-3 

Fruit with anthocyanin pigments 

2-3 



(strawberries, raspberries, plums, 




etc.) 


Mushrooms, cultivated 

2-4 

Fruit, white (pineapple, peaches, 

3-4 



pears, etc.) 


Sauerkraut 

3 

Fruit, mixed 

3 

Beans, white 


Applesauce 

4 

without tomato 

4-5 

Plums, prunes 

2-3 

with tomato 

3-4 

Tomatoes (peeled, juice) 

2-3 

Vegetables, mixed 


Tomato paste 

2 

not acidified 

3-4 



acidified 

2 



Corn, sweet 

4 



Peas, sweet 

A ^ 



Soup 

4-0 

3-4 



Meat 

Time (years) 

Fish 

Time (years) 

Products of animal 




origin 




Meats, pat6s 

3-4 

Fish, natural 

2-4 

Prepared entrees 

3-4 

Fish, in oil 

4-5 

Filled pasta 

3 

Fish with sauce 


Pet foods 

2-3 

slightly aggressive 

3-4 



tomato 

3 



marinade 

1.5-3 



Fish soup 

2-3 


Source: Thomas, 1991. 


from the can manufacture up to and including storage. Due to the length 
of time a canned product spends in various forms of storage, the effects of 
corrosion usually become evident at this time. Adverse storage conditions, 
elevated temperatures, and relative humidities will accelerate the process and 
can be the cause. While external corrosion seldom advances to the stage at 
which the integrity of the container is lost, the result is an unsightly 
container that cannot readily be sold on the retail market. Affected 
containers must be sorted from sound containers, which is a costly 
procedure, more so as the affected product must either be reclaimed, sold 
at reduced prices for immediate consumption, or destroyed. Internal 
corrosion is not visible until its ultimate ramification results in leakage or 
swelling of the container. Leaking containers will wet and stain other 
containers in the immediate vicinity, which, in addition to the staining of the 
labels, will also cause corrosion. 
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17.4.1 Internal Corrosion 

Localized internal corrosion of the iron in the tinplate via imperfections in 
the tin coating and internal enameling can produce pinhole perforations and 
leakage. Elevated oxygen levels in the head space and/or aggressive products 
are generally the active agents. 

Swelling or bulging of the can ends due to the production of hydrogen 
gas due to a reaction between the tinplate and the contained product is 
another manifestation of internal corrosion. This condition is very often 
accompanied by excessive detinning in a plain can and certainly by an 
elevated iron solution in a plain or organic-coated can. Although the 
product may not represent a hazard to health, the fact that the can is 
swollen will negate its sale. Any lots that show evidence of swollen 
containers must be detained and not offered for sale. The cause of the 
swelling should be determined so that corrective action can be taken to 
prevent this from happening in future lots. While sorting the visibly affected 
containers from those that appear sound is sometimes advised, it is very 
problematical as there is no assurance that as time advances other containers 
will not become swollen. 

Detinning of the tinplate surface, although usually associated with plain 
uncoated tinplate, may also take place under enamel films. The result can 
be an overall etching of the surface. While acceptable and even welcomed 
with some products, localized areas that expose the black-appearing base 
metal may not be. Product bleaching and color loss usually accompanies 
detinning, and certain flavor changes may be evident. While these are 
required for some products, they are unacceptable in others. Products that 
contain elevated levels of nitrite (e.g., beans, cured meats) can cause 
detinning along with the production of gas, which results in swollen cans. 

The formation of a reddish-brown ferric oxide or rust requires an excess 
of oxygen and usually affects the head space of the container. Once formed, 
it is somewhat autocatalytic, and if allowed to continue unchecked will result 
in perforation and leakage. 

Bubbles or loose flaps in the internal organic coatings may occur 
followed by corrosion at the point of detachment. If the base metal is 
exposed, then the corrosion will be more extensive. 

A gray-black sulfide formation on the plate surface can occur under the 
organic films as well as on plain tinplate. Loose black iron sulfide in the 
head space is the reaction product of exposed iron and hydrogen sulfide, and 
can be found as black unsightly deposits on the product. 

17.4.2 External Corrosion 

Rusting, which is the formation of a reddish-brown ferric oxide, may be 
induced by corrosive water conditions and/or by adverse (poor) conditions 
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during storage or shipment. While seldom resulting in perforation, it is 
unsightly and can render the can unsaleable. 

Dissolution of tin from the external tinplate surface exposes the base 
steel to the oxygen in the air, and the resulting corrosion can be an overall 
etching of the surface or localized. This can be caused by alkaline retort or 
cooling water, or electrochemically by contact of the cans with rusty 
equipment. Detinned areas are more susceptible to oxidative corrosion (i.e., 
rusting), especially under conditions of high relative humidity. 

17.4.3 Control 

The (American) Can Manufacturing Institute (Anonymous, 1969) has issued 
the following suggestions for minimizing internal corrosion and external 
rusting of cans: 

1. Container Fills Should Be Controlled Closely. Proper fills delay the 
formation of hydrogen springers by providing a reasonable head space 
that acts as a reservoir to hold the first hydrogen gas evolved in the 
corrosion process. This head space is largely ineffective, however, if it is 
not exhausted of air and other gases, and a good vacuum established in 
the can. 

2. Elimination of Air. Every effort should be made to minimize the volume 
of air entrapped in the sealed can. This may involve both adequate 
preparation of the raw product and thermal or mechanical exhaust of the 
can. Syrups and brine should be boiled prior to use and added as hot as 
possible. 

3. Adequate Cooling. Immediately after the sterilization period the cans 
should be rapidly cooled until only enough heat remains to dry the 
containers and prevent rust. The preferred method is to cool in water to 
95-105°F (35-40°C) and allow the cans to dry before casing. Under no 
circumstances should cans be cased at temperatures above 95°F (35°C) 
or stack-burn will occur. Similarly, cans should not be stacked in solid 
blocks in the warehouse if the can temperatures are above 85°F (30°C). 

4. Storage Temperatures. Corrosion is a chemical reaction that is accelerated 
by increases in temperature. Container service life at 100°F (38°C) may 
be from one-seventh to one-third that obtained at 70°F (21 °C), 
depending upon the product. Cool storage temperatures help to retard 
corrosion and maintain the initial quality of the canned food. 

5. Corrosion Accelerators. A number of substances are capable of reducing 
the shelf life of food cans to less than one-quarter of that expected. 
Spray residues, some sulfur compounds, and minute quantities of metal 
(particularly copper) dissolved from equipment are among the corrosion 
accelerators known to have caused trouble. 

[Editor’s Note: nitrite compounds should be included in this list.] 
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External rust on cans may be caused by: 

1. Abrasion of the tin coating or lithography in can tracks, twisters, 
unscramblers, or other can handling and processing equipment. [Editors 
Note: Some seamers should be added to the list of equipment, as rust 
that appears around the double seams where the seamer has scratched 
the surface to reveal the steel plate is quite common.] 

2. Excessively sharp or deep code embossing on can ends. 

3. Product residues on the exterior surfaces. Sealed cans should be washed 
immediately after closing to remove salt or acid brines. Excessively high 
concentrations of alkaline detergent solutions should be avoided in 
washing grease from cans. The cans should be rinsed in fresh water 
immediately after such detergent sprays. 

4 Improper retort venting. Air should be removed from steam retorts rapidly 
and completely at the beginning of the process. 

5. Water temperature. In boiling water processes, the water should be kept 
at a full boil, not merely rolling. 

6. Chemical composition of the water used in processing and cooling. Water 
of high natural alkalinity or containing alkaline residues will etch or 
spangle cans, leaving them more vulnerable to rusting during storage. 
Appreciable concentrations of chlorides, sulfides, or sulfates in the 
processing or cooling waters also may cause rust formation. Chemical 
treatment of the water is sometimes necessary. 

7. Residual moisture. Cooling water should be drained from the cans 
promptly and thoroughly. An air or steam blast is sometimes used to 
remove excess water from the tops. When cooled to 95-105°F 
(35-40°C), enough heat is left in the cans to dry any moisture that 
remains on the exterior surfaces. Cans should not be cased until they are 
thoroughly dry. 

8. Inadequate storage facilities. Cool and dry air conditions are strongly 
recommended for storage of foods in metal cans. Ample circulation 
should be provided and abrupt fluctuations in temperature and humidity 
avoided wherever possible. 
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QUALITY ASSURANCE OF 
THE END PRODUCT 


18.1 INTRODUCTION 

Of the many concerns of the canner, microbiological stability and 
organoleptic quality are certainly in the forefront. If microbiological stability 
is not assured, in addition to the potential for spoilage, there is a very great 
danger that the low-acid canned foods may become a risk to the health of 
the consumer. Either event can cost the canner dearly. Unless the 
organoleptic quality meets the consumer’s expectations, then repeat sales will 
suffer. From the previous chapters it should be obvious that control of both 
concerns starts with the raw products and continues at every stage of the 
process right up to storage and distribution of the final end product. The 
various means of controlling the microbiological and organoleptic quality of 
canned products has been dealt with at each stage in their production in the 
preceding chapters. 

Complete assurance that a product will be microbiologically stable (i.e., 
commercially sterile) is to ensure that it has received a thermal process 
appropriate to the product/container combination and the microbial 
contribution of the raw materials. Monitoring the process controls (Chap. 
10) of a properly established thermal process (Chap. 9 and 10) should 
provide adequate evidence that a product will be microbiologically stable. 
Unless the product has been grossly underprocessed or has received no 
process at all, deviations tend to be slight so that only a small proportion of 
the product produced will be affected and exceedingly difficult to detect by 
end-product testing and analysis. The process controls, as discussed in the 
previous chapters, should be such that any deviation is noted as it occurs and 
corrective action taken immediately. This applies to both the 
microbiological and the organoleptic qualities. To employ sampling 
inspection of the end product to test for the presence or effects of low 

incidence of deviations (1-0.1%) will require very large sample numbers, and 
it still may not give absolute assurance as to.the actual lot quality or safety. 
As the methods used for assessing microbiological stability and organoleptic 
quality of the end products are destructive in nature, the cost in terms of 
product, time, and resources in examining large numbers of containers is 
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prohibitive and certainly beyond the capability of most canners. The futility 
of testing end product to determine safety and stability was recognized by 
the Pillsbury Company in the United States, and resulted in their 
development of a system that has become known as the Hazard Analysis and 
Critical Control Point (HACCP). A training manual for a food quality 
assurance program and the training of personnel of Food and Drug 
Administration of the United States, in Hazard Analysis Techniques was 
developed (Pillsbury, 1973), and remains to this day the best text on the 
methods required for the implementation of a HACCP system. 

While the organoleptic quality of the end product is primarily dependent 
upon that of the raw products, it is also affected to various degrees in the 
preparation, processing, and even the choice of container. Therefore, 
control should be exercised at each step along the process. However, there 
is some benefit to be gained in sampling and testing the end product for 
organoleptic quality, especially after any prolonged storage of the product 
(Chap. 17). Various regulatory agencies sample canned foods to determine 
their adherence to regulatory standards of quality and net weight or 
contents. Canners would be wise to mirror the sampling of the regulatory 
agencies to determine for themselves the quality of their products in terms 
of the regulatory requirements. 

18.2 HAZARD ANALYSIS AND CRITICAL CONTROL POINT SYSTEM 

The Hazard Analysis and Critical Control Point (HACCP) system is 
designed to identify systematically specific hazards and preventative measures 
for their control to ensure the safety and quality of food. The hazards that 
have been identified and assessed, and the control systems that have been 
developed and installed, focus on preventative measures rather than relying 
mainly on end-product testing. It should be versatile and capable of 
accommodating change, such as advances in equipment design, processing 
procedures, or technological developments. They should also be applied 
from the production of the raw material to final consumer to attain any real 
assurance of food safety, optimal use of resources, and more timely response 
to problems. 

The successful application of HACCP requires the full commitment and 
involvement of all levels of management and the workforce. The design and 
implementation of an HACCP system can rarely, if ever, be accomplished 
by one person in an establishment. It requires a team that should include 
appropriate experts and persons knowledgeable of the process, such as 
agronomists, veterinarians, production personnel, microbiologists, medical 
experts, public health specialists, food technologists, chemists, and engineers. 
The application of HACCP is compatible with the implementation of quality 
management systems, such as the ISO 9000 series, and is the system of 
choice in the management of food safety and quality within such systems. 
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18.2.1 Definitions 

Some terms used in the description of a HACCP system are specific and 
require definition. 

A hazard is defined as the potential to cause harm to the consumer 
and/or the product and can be biological, chemical, or physical. 

The critical limit is a value that defines the difference between 
acceptable and unacceptable. 

A critical control point (CCP) is a point, step, or procedure at which 
control can be applied and a food safety hazard prevented, eliminated, or 
reduced to acceptable levels. 

Corrective actions are those actions to be taken when the monitoring of 
a CCP indicates a loss of control. 

To monitor is to conduct a planned sequence of observations or 
measurements to assess the control of a CCP. 

18.2.2 HACCP Principles 

The HACCP system requires the application of seven principles that have 
been defined by the Committee on Food Hygiene of the Codex Alimentarius 
Commission as follows: 

Principle 1. Identify the potential hazard(s) associated with food production 
at all stages, from growth, processing, manufacture, and distribution, until 
the point of consumption. Assess the likelihood of occurrence of the 
hazard(s) and identify the preventative measures for their control. 
Principle 2. Determine the points/procedures/operational steps that can be 
controlled to eliminate the hazard(s) or minimize its likelihood of occurrence 
— [Critical Control Point (CCP)]. A step means any stage in food 
production and/or production, including harvesting, transport, formulation, 
processing, storage, and so on. 

Principle 3. Establish critical limit(s) that must be met to ensure the CCP 
is under control. 

Principle 4. Establish a system to monitor control of the CCP by scheduled 
testing or observations. 

Principle 5. Establish the corrective action to be taken when monitoring 
indicates that a particular CCP is not under control. 

Principle 6. Establish procedures for verification that include supplementary 
tests and procedures to confirm that the HACCP system is working 
effectively. 

Principle 7. Establish documentation concerning all procedures and records 
appropriate to these principles and their application. 
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18.23 Application of the Principles 

During the hazard analysis and subsequent operations in designing and 
applying HACCP systems, consideration must be given to the impact of raw 
materials, ingredients, food manufacturing practices, role of manufacturing 
processes to control hazards, likely end use of the product, consumer 
populations at risk, and epidemiological evidence relative to food safety. 

The HACCP principles should be applied at each identifiable stage and 
specific unit operation in sequence, starting with the acquisition of the raw 
materials to the finished product as it is offered for sale. Once a system is 
installed, it should be reviewed and any necessary changes made when any 
modification is made in the product, process, or any step in the process. It 
is important when applying HACCP to be flexible given the context of the 
application. 

18.2.3.1 Preliminary Preparations 

The following preparatory tasks should be carried out prior to the 
application of the HACCP principles. 

1. Assemble HACCP team 

Assemble a multidisciplinary team that has specific knowledge and expertise 
appropriate both to canning and to the canning of a specific 
product/container combination and the processes involved. All of the 
expertise that may be required is seldom found in the employ of a canning 
establishment. Therefore, expert advice must be obtained from outside 
resources. The use of the term team may confuse some as it can imply that 
all the required persons are grouped together at one time and continually 
occupied with the problems at hand. This is seldom the case. The 
coordinator or the person(s) responsible for installing and implementing the 
HACCP system must identify the persons that have the required expertise 
or the source of the required information so that consultation can take place 
as required. 

2. Describe Product 

A full description of the product should be drawn up, including information 
on composition and method of distribution. In Chapter 12, a product 
description was required for the development of a thermal process that was 
primarily directed to the formulation and various physical and chemical 
attributes of the product that may affect heat transfer. For the application 
of an HACCP system, the description of the product must be far more 
extensive and include the quality attributes. It should start with the raw 
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material and ingredients specifications as discussed in Part II of this text and 
continue right through the process including the type and method of 
packaging, storage, and distribution. 

3. Identify intended use 

The manner in which canned foods are handled during storage, transport, 
and distribution, as well as by the ultimate consumer, varies. All the ways 
in which it is expected that the product will be handled and prepared for 
consumption should be noted, as this will reflect on the methods used to 
process and package the product. Due to the thermal process canned foods 
receive, they are regarded as cooked and hence ready-to-eat. Some products 
are consumed directly without any preparatory heating or cooking (e.g., 
fruits) while others can be consumed as is or heated prior to serving. The 
manner in which they may be treated prior to consumption should be noted. 
As canned foods are generally regarded as shelf stable, there is a tendency 
to store them for extended periods of time (Chap. 17). As the nutritional 
and organoleptic quality of some products deteriorates during prolonged 
storage (Chap. 17), the expected storage life prior to consumption should be 
noted. Most canned foods are intended for consumption by consumers in 
general without being directed toward any particular group. However, some 
canned foods are specially formulated and processed for a particular target 
group, such as infants, or having particular attributes such as dietetic foods. 
Specialty foods will have an impact on the hazards and CCPs. 

4. Construct flow diagram 

A complete and detailed flow diagram of the entire process from the 
acquisition of the raw materials, ingredients, and packaging should be 
constructed by the HACCP team. Each unit operation in the entire process 
should be identified along with any operational parameters. The point at 
which raw products, ingredients, packaging, and the like are introduced 
should be clearly indicated. In addition, either by direct incorporation into 
the flow diagram or by an overlay, the sanitation program, and the schedule 
should be detailed. 

5. On-site verification of flow diagram 

The completed flow diagram should be confirmed by comparison with the 
actual process operation during all stages and hours of operation. It should 
be amended where appropriate. Flow diagrams rarely indicate the points 
where production stoppages occur, and temporary storage or holding times 
of semifinished products may be required. Such stoppages and subsequent 
actions are important and should be indicated on the flow diagram. Direct 
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observation of the actual process over a period of time will often indicate 
where such stoppages occur. 

18.2.3.2 Application 

With the preliminary preparations completed, the application of the seven 
principles of the HACCP system can commence. These should be applied 
in succession to each step, stage, or unit operation in the entire process 
starting at the beginning (e.g., raw material procurement) and ending with 
distribution of the final product. While there may be considerable 
similarities, each product/container combination and process method should 
be treated separately. Documentation is important and should be completed 
as each principle is applied so that a permanent record is made of all 
determinations, assumptions, conclusions, and so on. 

1. List all hazards associated with each step and consider any preventative 
measures to control hazards (principle 1) 

The hazards should include all those of a biological, chemical, or physical 
nature that may reasonably be expected to occur at each step and describe 
the preventative measures that are or could be used to control each hazard 
identified. While the microbiological hazards are of prime concern in 
canned foods, other hazards that may present safety or quality problems 
should not be ignored. Pesticides and herbicides on fruits and vegetables 
should receive special attention to ensure that they can be reduced to 
acceptable levels in the preparation of the raw material prior to processing. 
Foreign material, such as tramp metal, glass, stones, pits, and so on, can 
cause injury when present in the end product and can cause damage to some 
of the processing equipment, like cutters, slicers, homogenizers, and the like. 
Even though safety hazards are the prime objective of the HACCP system, 
those that affect the organoleptic properties of the product should be 
assessed at the same time, as should the measures for their control. In some 
instances, the two concerns—safety and organoleptic quality—are involved 
with the same hazard as, for example, in the microbiological spoilage of raw 
materials. 

Each hazard identified should then be assessed to ensure that its 
elimination or reduction to acceptable levels is essential to the production 
of a safe food that has the required organoleptic qualities. Next is the listing 
of the preventative measures, if any, that exist or can be applied to control 
each hazard identified at each stage or step in the process. 

Preventative measures are those actions and activities that are required 
to eliminate or reduce the impact or occurrence of each hazard to 
acceptable levels. It is important that the effect of a preventative measure 
can be determined. More than one preventative measure may be required 
to control a specific hazard(s), and more than one hazard may be controlled 
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by a specified preventative measure. Documentation should list the hazards 
and the preventative measure, if available. It should also include the 
reasoning as to why some were selected and others ignored, as well as an 
estimate of the effectiveness of any preventative measure. This rationale can 
be important when the application of all the principles is complete and a 
review is conducted. 

2. Identify the critical control point(s) (CCP) (Principle 2) 

The identification of a CCP in the HACCP system is facilitated by the 
application of a decision tree. All hazards that may reasonably be expected 
to occur, or be introduced at each step, should be considered. Training in 
the application of the decision tree may be required. 

The HACCP decision tree is composed of a sequential series of 
questions that should be applied to each step in a process in which hazard(s) 
have been identified. 

Question 1 — Do preventative measures exist? 

If the answer is no , then a supplementary question, Is control at this step 
required for safety? , should be asked. An affirmative answer requires that the 
step, process, or product be modified so that Question 1 will have an 
affirmative answer. A negative response indicates that this step is not a 
critical control point , and one proceeds to the next hazard or step in the 
process. 

Question 2 — Is the step specifically designed to eliminate or reduce the 
likely occurrence of a hazard to an acceptable level? 

An affirmative answer indicates that this is a critical control point. If the 
answer is no , then proceed to Question 3. 

Question 3 — Could the identified hazard(s) occur in excess of acceptable 
level(s) or increase to unacceptable levels? 

A negative answer indicates that this is not a critical control point. 
Proceed to Question 4 if the answer is yes. 

Question 4 — Will subsequent steps eliminate identified hazard(s) or reduce 
the likely occurrence to an acceptable level? 

A negative answer indicates that this is a critical control point , whereas 
a yes means that is not and that one should proceed to the next identified 
hazard in the process under study. 

If a hazard has been identified at a step where control is necessary for 
safety, and no preventative measure exists at that or any other step, then the 
product or process should be modified at that step, or at any earlier or later 
stage, to include a preventative measure. 

As the application of the decision tree determines whether the step is 
a CCP for the identified hazard, it should be flexible, given whether the 
operation is for production, slaughter, processing, storage, distribution, or 
other. While many of the CCPs that exist in the canning process have been 
discussed in the preceding chapters, the decision tree should still be applied 
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to each, especially as they may differ for a particular product, process, and 
so on. 

Table 18.1 lists some of the critical points in the manufacture of a 
prepared entree packed in cans and sterilized in a continuous process 
(Thomas, 1991). These are limited to those hazards that present a risk to 
the microbiological stability (i.e., understerilization or postprocess microbial 
contamination). There are also critical points that are directly linked to 
other aspects of the product quality or to its conformance with the various 
pertinent regulations, standards, and so on (e.g., net weight). 


Table 18.1. Some CCPs for Control of Microbiological Hazards in Canned 
Prepared Entrees 


Stage 

Critical Points 

Hazards 

Controls 

Ingredients 

Spices 

Thickeners 

Microbial 

contamination 

Consistency 

Thermoresistant 

species 

Excessive 

Treatment, 

verification 

Selection, levels, 
distribution 

_ Filling 

Proportions 

Head space 
Temperature 

Solids/liquid 

Agitation 

Limit 

Too high 

Insufficient 

Insufficient 

Upper/lower limits 
Upper/lower limits 
Regulation 

. Closure 
. Seam 

Quality 

Recontamination 

Cross-section 

Teardown 

Measurements 

Sterilization 

parameters 

Temperature 

Rotation 

Heating medium 

Time/temperature 

Initial of product 

Speed (rpm) 

Supply, distribution 

Underprocess 

Insufficient 

Insufficient or 
excessive 

Irregular, 

insufficient 

Control, recording 
Waiting time 
Tachometer 

Medium 

distribution 

Vent air 

Cooling 

medium 

Supply, distribution, 
disinfectant content 

Irregular, 

insufficient 

Recontamination 

Flow, distribution 
Chlorination, free 
chlorine 

Container 

handling 

After sterilization 

Abuses 

Recontamination 

Design 

Maintenance 

Cleaning & 
disinfection 

Microbial contamination 

Product 

contamination 

Container 

recontamination 

Protocols 

Frequency 

Maintenance 

Equipment 

Wear, not regulated 

Supervision, 

prevention 


Source: Thomas, 1991. 
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3. Establish critical limits for each CCP (Principle 3) 

Critical limits must be specified for each preventative measure. In some 
cases more than one critical limit will be elaborated at a particular step. 
Objective measurements and/or tests are preferred for the establishment of 
critical limits. Such measurements include those of temperature, time, 
moisture or water activity, pH, physical dimensions, available chlorine, 
relative humidity, pressure, vacuum, and so on, and have been discussed in 
the preceding chapters. While some sensory parameters such as visual 
appearance and texture can be measured objectively, they still depend upon 
a subjective evaluation and are more difficult to define critical limits. 

4. Establish a monitoring system for each CCP (Principle 4) 

Monitoring is the scheduled measurement or observation of a CCP 
relative to its critical limits. The monitoring procedures must be able to 
detect loss of control at the CCP. Further, monitoring should ideally 
provide this information in time for corrective action to be taken to regain 
control of the process before there is a need to reject the product. Data 
derived from monitoring must be evaluated by a designated person with 
knowledge and authority to carry out corrective actions when indicated. If 
monitoring is not continuous, then the amount or frequency of monitoring 
must be sufficient to guarantee the CCP is in control. Most monitoring 
procedures for CCPs will need to be done rapidly because they relate to on¬ 
line processes and there will not be time for lengthy analytical testing. 
Physical and chemical measurements are often preferred to microbiological 
testing because they may be done rapidly and can often indicate the 
microbiological control of the product. All records and documents 
associated with monitoring CCPs must be signed by the person(s) doing the 
monitoring and by a responsible reviewing official(s) of the company. 

5. Establish corrective actions (Principle 5) 

Specific corrective actions must be developed for each CCP in the 
HACCP system in order to deal with deviations when they occur. The 
actions must ensure that the CCP has been brought under control and 
should include proper disposition of the affected product. Deviation and 
product disposition procedures must be documented in the HACCP record 
keeping. Corrective action should also occur when monitoring results 
indicate a trend toward loss of control at a CCP. Action should be taken to 
bring the process back into control before the deviation leads to a safety 
hazard. 

6. Establish verification procedures (Principle 6) 

Establish procedures for verification that the HACCP system is working 
correctly. Monitoring and auditing methods, procedures, and tests, including 
random sampling and analysis, can be used to determine if the HACCP 
system is working correctly. The frequency of verification should be 
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sufficient to validate the HACCP system. Examples of verification activities 
include: 

• Review of the HACCP system and its records. 

• Review of deviations and product dispositions. 

• Operations to determine if CCPs are under control. 

• Validation of established critical limits. 

7. Establish record keeping and documentation (Principle 7) 

Efficient and accurate record keeping is essential to the application of an 
HACCP system. Documentation of HACCP procedures at all steps should 
be included and assembled in a manual. Examples are records associated 
with: 

• Ingredients 

• Product safety 

• Processing 

• Packaging 

• Storage and distribution 

• Deviation file 

• Modifications to the HACCP system 
18.2.4 Training 

While the statement of the principles is quite simple, their implementation 
is not and requires considerable effort, time, and knowledge on the part of 
the team members. The assembly of all the data required, particularly in the 
definition of the critical limits, is very demanding and can be costly. 
However, the benefits far outweigh the cost. Training of personnel involved 
in HACCP principles and applications are essential elements for the 
effective implementation of HACCP. The training should not be restricted 
to those directly involved in the installation; rather it should include all 
production personnel as well as those at managerial level. The International 
Commission on Microbiological Specifications for Foods (ICMSF) 
Monograph, HACCP in Microbiological Safety and Quality , which describes 
the type of training required for various target groups, is an example of a 
general approach to training (Blackwell Scientific Publications, Oxford 
Mead, UK, 1988; reprinted 1989). The section on training (Chap. 8) in the 
preceding monograph is equally applicable as an approach to training in 
respect to hazards other than those of a microbiological nature. 

Cooperation between primary producer, industry, trade groups, consumer 
organizations and responsible authorities is of vital importance. 
Opportunities should be provided for the joint training of industry and 
control authorities to encourage and maintain a continuous dialogue and 
create a climate of understanding in the practical application of HACCP. 



QUALITY ASSURANCE OF THE END PRODUCT 
18.2.5 HACCP and Quality Control and Quality Assurance 


643 


The HACCP approach is a logical and systematic system for controlling 
product quality. Although it is primarily directed to product safety and 
hygiene, its principles can be equally applied to any quality attribute of the 
product and should form both the basis for quality control and a main 
element in any quality assurance program. 

There is frequently an uncertainty as to the roles of quality control and 
quality assurance and who in the organization should have the ultimate 
responsibility. Control of quality, and hence safety, can only be in the hands 
of those responsible for producing the product. As such, quality control 
must come under the direct control of production management. Quality 
assurance has the responsibility of supplying the tools, tests, criteria, 
specifications, and the like, for the control of quality as well as a monitoring 
role to ensure that those in command of quality control are doing just that. 
Thus quality assurance must report to the senior management position in the 
establishment or organization, be it the plant manager, president, or chief 
executive. 

Under the HACCP system, any deviation should be detected almost 
immediately at the stage in which it has occurred and corrective action 
should be taken before more time, money, and resources are expended. The 
system is designed so that the product is made right so that there is no need 
to sample and analyze the end product to determine either the safety or 
quality. The installation of an HACCP system forces the canner to make a 
detailed study of each stage, step, and unit operation in the entire process. 
Such study involves accumulating data on the variations that 
occur—microbiological, chemical, and physical contamination and where it 
occurs— as well as how these can best be controlled. Thus, the canner is in 
command of the process rather than the process running the canner. 

18.3 End-Product Evaluation 

Notwithstanding what has been said in the preceding section, evaluation of 
the end product is necessary in some instances and is carried out routinely. 
All canned food products are subject to various regulations in the country 
in which they are processed or where they will be offered for sale. 
Regulatory agencies frequently sample and analyze end products to 
determine compliance with the regulations. It is a wise canner who, knowing 
the product’s regulatory requirements and the manner in which it shall be 
sampled to determine compliance, will mirror the same sampling inspection 
and analysis before any monitoring by the regulatory agency. Sampling is 
subject to variation in that two or more samples taken from the same lot and 
analyzed in the same manner will frequently show different results, which in 
itself is a measure of the variation within the lot. By carrying a sampling 
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inspection, the canner may obtain some evidence that a specific lot is in 
compliance to counterbalance any evidence to the contrary derived from the 
regulatory sample. Of course, if the sample taken by the canner shows 
noncompliance, then corrective action can be taken and regulatory 
involvement avoided. 


18.3.1 



pling Inspection and Acceptance Criteria 


In addition to those that may be carried out by the various regulatory 
agencies that have jurisdiction, the canner also may wish to inspect and 
evaluate lots of finished products. The canner’s inspection may be carried 
out to determine conformance with regulatory standards and/or to evaluate 
the overall quality or the effect of storage, and so on. 

There are basically two types of inspection sampling plans: attributes and 
variables. Inspection by attributes consists of classifying a unit of finished 
product as acceptable or unacceptable (i.e., meets requirements or 
specifications or does not). As the name implies, these plans are based on 
the presence or absence of a specific attribute or combination of attributes, 
which is then used to classify a unit of product as acceptable on the one 
hand or defective on the other. A simple example is a metal can that has 
one or more serious seam or body defects is unacceptable and hence classed 
as defective, whereas one free of such defects is acceptable. Inspection of 
variables, on the other hand, refers to actual values (i.e., measurements) 
obtained in terms of some scale used to establish a level of quality. A 
simple example is that of net weight, where the average must meet some 
preset average and variation (i.e., standard deviation or range) to be 
acceptable; values outside the preset levels are unacceptable. 

Generally speaking, sample sizes for variable plans are smaller for any 
specific confidence level than they are for attribute plans. There are 
established attribute acceptance sampling plans that in addition to using the 
confidence level or acceptable quality level (AQL) to establish the sample 
size also increase the sample size as the inspection lot size increases (e.g., 
Military Standards-105D in the United States or its counterparts in Canada, 
United Kingdom, and the International Standards Organization). There are 
similar variance acceptance sampling plans that increase the sample size as 
the lot size increases. It has been shown statistically (Kramer and Twigg, 
1970) that as long as the size of the sample is less than 10% of the lot, the 
lot size has little, if any, effect on the confidence limits of a plan. However, 
it is important to remember that as the sample size is changed, the 
acceptance criteria must also be changed in order to maintain the same 
confidence level or AQL. The primary statistical requirement of any 
inspection sampling plan is that the sample units be drawn at random from 
the lot (i.e., each unit in the lot must have the same probability of being 
selected). In practice, true random sampling is rarely, if ever, carried out, 
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particularly in the case of finished products that are stored packed in cases 
or not on pallets stacked one on top of the other. Access to each individual 
unit is extremely limited. Sampling is usually limited to those units that are 
most accessible (i.e., on the outer fringes of the lot). Some canners 
overcome this handicap by taking a unit at specified intervals from the line, 
say, before or right after labeling. Thus, the sample units, while not 
randomly taken, can be said to be representative. It is also worth noting 
that seldom do regulatory agencies go to the expense and effort to truly 
sample a lot randomly. It is not the intention to go into a detailed 
discussion of the various types of sampling plans and their confidence levels, 
a topic that in itself is and has been the subject of many statistical texts. 
However, examples as to how these may be applied in the examination of 
canned foods will be given to illustrate some of the preceding discussion. 


18.3.1.1 Variables Sampling 


Variables sampling plans are best used when actual measurements are 
obtained (e.g., weight, dimensions, etc). They are based on the premise that 
the measurements of the individual units will vary normally or follow a 
normal distribution. They find particular application in examining 
homogeneous lots (i.e., same product, same container type, and same size) 
for uniformity. A good example of an application of this type of sampling 
inspection would be the evaluation of the compliance of a canned food with 
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Figure 18.1. Curve for the normal distribution of the net weights. 
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regulatory requirements for net weight, contents, or drained weight. The 
quantity of product in a container determined at the filler or later in the 
finished product generally varies normally (i.e., follows a normal 
distribution). When the values obtained for each sample unit (i.e., 
horizontal axis, Fig. 18.1) are plotted against the frequency (i.e., vertical axis) 
of their occurrence, a symmetrical curve as shown in Figure 18.1 is 
developed. As is indicated in Figure 18.1, the greatest frequencies occur at 
or near the average value and become fewer as the values depart from the 
average or mean and are equally distributed on either side of the average. 
The area under the curve represents the total variability among sample units, 
with the area on either side of the mean being approximately equal. 

In addition to the distribution about the mean, another characteristic of 
the normal distribution is the standard deviation (i.e., a x or sigma), which is 
calculated in terms of the sample test values (i.e., horizontal axis) and bears 
a definite relationship to the area under the curve. One standard deviation 
covers about one third of the area from the mean (x) toward either 
extremity and x ± a covers about two thirds (68.3%) of the probability that 
a single sample unit will fall within this range, ±2a accounts for 95.5% and 
±3*7 for 99.7% (Fig. 18.1). Most statistical texts, especially those that deal 
with sampling, have tables that give the proportion of the area under the 
curve covered by various fractions and multiples of the standard deviation 
from the mean. 

Another important aspect of the normal distribution is that when samples 
are taken from such a population, their averages will also vary normally 
about the true mean in a direct relationship with the standard deviation. 
This variation in the mean is termed the standard error of the mean (i.e., 
usually designated as a-) and can be calculated from the relationship o- = 

^ X X 

oJn~ L , where n is the size of the sample. 

An example will best illustrate how variables sampling may be used to test 
compliance of a lot of product with a regulatory requirement for net 
contents (i.e., weight or volume) or drained weight. For no other reason 
than that of economics, most canners would know the operational 
characteristics of their filling operation. These are generally stated in terms 
of the average fill plus or minus the standard deviation, and they form the 
basis for quality control charts or for automatic check weighing devices. In 
cases where the operational characteristics of the filling operation are not 
known in these terms, the methods for their determination can be found in 
ASTM (1951) or any text that deals with statistical quality control. 

One word of caution concerning the direct transfer of the operational 
characteristics of the filling operation to the end product: This concerns the 
drained weight. As discussed in earlier chapters, the drained weight of some 
products is both dependent upon the original weights or quantities of 
product filled as well as on an interaction between the product and the cover 
or packing medium, as well as the effect of processing. Some products lose 
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weight, but others gain. This must be determined so that the ultimate 
drained weight can be forecasted from the fill weight(s). It should also be 
remembered that the loss or gain in drained weight can change in some 
products during their storage so that the time the product is sampled may 
well have an impact on the result. 

Suppose a regulation for a particular canned vegetable product labeled as 
having a net weight of 400 g (14 oz) requires that the average drained weight 
of a sample that contains 25 sample units should be at least equal to, but not 
less than, that declared on the label, and that no single container can have 
a net weight less than 375 g. A canner has determined that the overall 
average net weight of his product is 400 g and a standard deviation of ±10 
g (Fig. 18.1). The standard error of the average of samples composed of 25 
units taken from his production would be a- = 10 2 /25 = ±2 g. As the 

i rC 

average of the 25 sample units varies normally (Fig. 18.2), 50% would be less 
than the required average of 400 g and there would be a 50% chance that 
the product would fail inspection based on a 25-container sample. The 
canner should increase the net weight of his product to a level that would 
give a reasonable confidence that the product will pass inspection at 
minimum cost or that the average net weight of a 25-container sample would 
be equal to or greater than the required 400 g. To do this two questions 
must be answered: What confidence or risk is the canner willing to take that 
his product will fail inspection? To what should the average drained weight 
be increased to provide the confidence at minimum cost? 

The solution to the problem can be derived from the normal distribution 
of the net weights. From Figure 18.2, it can be seen that 95% of the 
average net weights of 25 containers would lie between 400 - 1.65a- and 400 
+ 3a- or 396.7 g and 406 g and 99% lie between 400 - 2.33a- and 400 + 
3a- or 395.3 g and 406 g. The factors of 1.65 and 2.33 can be obtained from 

a table that gives the area under the normal curve in terms of multiples of 
the standard deviation. By increasing the average net weight by 3.3 g 
(400-396.7), assuming that the variation remains unchanged, 95% of the 
sample averages would be above the required minimum and only one chance 
in 20 that a sample average would be below the minimum. This transition 
is shown by curve 2 in Figure 18.3. Increasing the average net weight by 4.7 
g (400-395.3) increases the proportion of the sample averages above the 
required minimum to 99%, giving only one chance in 100 that a sample 
average would be below the minimum. This transition is shown by curve 3 
in Figure 18.3. Therefore, the canner can derive a quantity to be added or 
in some cases subtracted and the confidence level of the result from the 
distribution of the net weight of the operation. 

There is still the stipulation that no single container in the 25-unit sample 
should have a net weight less than 375 g. From the distribution shown in 
Figure 18.1 it is evident that some containers will have a net weight less than 
the required minimum, which is actually 0.6%. Thus, the probability 
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Figure 18.2. Normal distribution of the average net weights of 25 sample units. 

that a sample of 25 containers will contain one or more with a net weight 
under the required minimum is 14%. However, the increase in the average 
net weight as described earlier will reduce this probability to practically nil. 

18.3.1.2 Attribute Sampling Inspection 

As stated earlier, attribute acceptance plans are used in situations in which 
there is a presence or absence of an attribute or combination of attributes. 
A sample unit is classified as acceptable or unacceptable and hence 



Figure 18.3. Normal distribution of the average net weights of 25 sample units 
showing effect of increasing the overall average weight. 
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defective. Attribute sampling plans are based on one of three frequency 
distributions (i.e., the hypergeometric, the binomial, or the Poisson 
approximation of the binomial distribution). In the establishment of the 
acceptance criteria for any sampling plan, what constitutes a defective must 
be defined and this will be demonstrated by an example later in this section. 
Next, the AQL must be defined. The AQL for most plans is generally set 
at the 95% probability level (Pa, or probability of acceptance) and is 
generally referred to as the vendor’s risk. The consumer’s risk is generally 
set at a Pa = 10%; however, in some cases this is reduced to the 5% level. 
The size of the sample ( n ) and the acceptance criteria (c) are then 
determined and an operating characteristic (OC) curve is constructed (Fig. 
18.4). As can be seen from Figure 18.4, the OC curve is a plot of the 
probability of acceptance of various incidences of defectives, expressed as a 
percentage of defectives, for a sample size of 100 sample units and an 
acceptance number (c) of 1 and calculated from either an expansion of the 
binomial theorem or the Poisson distribution. 

The significance of the acceptance number of 1 in the preceding 
example is that the lot is deemed acceptable if one or fewer defectives are 
found in the 100 sample units. If more than 1 defective is found, then the 
lot is unacceptable and should either rejected or retained for further action. 
The sample size and the acceptance number set the sensitivity or selectivity 
of the sampling plan. For example, increasing the acceptance number from 
1 to 3 in the preceding example increases the AQL from 0.35 to 1.3% and 
the RQL from 3.9 to 6.6%. A corresponding effect can be obtained by 
increasing the sample size (e.g., for n = 400 and c = 1, the AQL and RQL 
become 0.09% and 0.97%, respectively). These shifts in the sensitivity of the 
plans are illustrated by the OC curves in Figure 18.5. 



Figure 18.4. Operating characteristic (OC) curve for an attribute acceptance plan, 
n = 100 and c = 1. 
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FIGURE 18.5. Effect of increasing sample size ( n ) and the acceptance number ( c) 
on the sensitivity of attribute acceptance sampling plans. 

The interpretation of attribute acceptance sampling plans is important. 
In the preceding example, it can be said that in sampling a series of lots of 
the same product, those that have a defective level of 0.35% will be accepted 
95% of the time (95 lots acceptable and 5 unacceptable from 100 lots); 
conversely, lots that have 3.9% defectives will be rejected 95% of the time 
and accepted 5% of the time. The OC curve also gives the probability of 
acceptance of lots that have defective levels intermediate between the two 
(e.g., lots having 1.7% defectives would be accepted about 50% of the time). 
From this it is important to note that acceptance or rejection of a lot when 
sampled according to this or any attribute acceptance plan does not give any 
real number of defectives in the lot or a measure of the actual lot quality. 

One of the main advantages of such inspection sampling plans lies in the 
detection of lots that have a low incidence of defectives that can be detected 
by nondestructive testing so that large sample numbers can be used. When 
destructive analysis and/or time-consuming analysis is required, smaller 
sample numbers are preferable, and hence the ability to detect a low 
incidence of defectives is seriously curtailed. However, they are used for 
assessing the adherence of lots of finished products to grade and for quality 
standards. These tend to examine the product for a number of attributes in 
which the presence or level of one or more constitutes a defective. As these 
require destructive analysis and testing, the sample numbers are quite low, 
as is the sensitivity. Examination of end product for adherence to grade 
and/or quality standards tends to be quite complicated, with a number of 
possible defects listed, and even to evaluating the extent to which a defect 
may be present. Most, if not all, canners carry out a routine inspection 
sampling of the lots of finished product for quality evaluation, especially if 
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adherence to regulatory grade and quality standards is required. The 
regulatory agencies also inspect and evaluate finished product for adherence 
to grade and quality standards. This type of inspection and evaluation is 
best demonstrated by examples. 

One typical example is found in the worldwide Codex Alimentarius 
Standard for Canned Green Peas (Codex Standard 58-1981). Section 2.2 of 
this standard contains the quality criteria and is reproduced here. 

2.2 Quality Criteria 

2.2.1 Color 

Except for artificially colored canned peas, the peas shall have normal color 
characteristics for canned peas and typical of the variety used. Canned 
peas containing other permitted ingredients or additives shall be considered 
of characteristic color when there is no abnormal discoloration for the 
respective substances used. 

2.2.2 Packing Medium 

Except for peas packed with special sauces, the packing medium shall not 
be so viscous that the liquid will not separate from the peas at 20°C. It 
shall not have a color nor an appearance that is foreign to the product. 

2.2.3 Flavor 

Canned peas shall have a normal flavor and odor free from flavors or odors 
foreign to the product. 

Canned peas with special ingredients shall have the flavor characteristics of 
that imparted by the peas and the other substances used. 

2.2.4 Texture and Maturity 

The peas shall be reasonably tender and reasonably uniform in texture and 
maturity. 

The alcohol insoluble solids content shall not exceed 21% in all types. 

2.2.5 Defects and Allowances 

Canned peas may contain a slight amount of sediment and shall be 
reasonably free from defects within the limits set forth as follows: 

Defects Maximum Limits 

(based on the weight 
of drained peas) 


(a) Blemished peas 5% m/m 

(consisting of peas which are slightly 
stained or spotted) 
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(b) Seriously blemished peas [consisting 
of peas that are spotted, discoloured or 
otherwise blemished (including worm- 
eaten peas) to the extent that the 
appearance or eating quality is seriously 
affected] 

(c) Pea fragments 

(consisting of portions of peas: 
separated or individual cotyledons; 
crushed, partial, or broken cotyle¬ 
dons; and loose skins; but not 
including entire intact peas with 
skins detached) 

(d) Yellow peas 

(entire pea is substantially yellow 
and is not a so-called "blond” pea, 
which is very pale in color) 

(e) Extraneous plant material 
(consisting of any vine or leaf or pod 
material from the pea plant, or 
other harmless plant material not 
purposely added as an ingredient) 

Total of the foregoing defects 
(a), (b), (c), (d), (e) 


1% m/m 


10% m/m 


2 m/m 


0.5% m/m 


12% m/m 


2.2.6 Classification of "defectives" 

A container that fails to meet one or more of the applicable quality 
requirements, as set out in sub-sections 2.2.1 through 2.2.5, shall be 
considered a "defective." 

2.2.7 Acceptance 

A lot will be considered as meeting the applicable quality requirements 
referred to in sub-section 2.2.6 when the number of "defectives", as defined 
in sub-section 2.2.6, does not exceed the acceptance number (c) of the 
appropriate sampling plan in the Sampling Plans for Prepackaged Foods 
(1969) (AQL = 6.5) (Ref. CAC/RM 42-1969). 

At first glance the determination of the defects or quality attributes 
appears to by very subjective; however, with the exception of the flavor and 
odor, they can be determined objectively with suitable instrumentation 
and/or counts. Color of the peas and the packing medium can be measured 
by comparison to color standards. The viscosity of the packing medium can 
be measured using a viscometer, and a level can be set that will assure that 
the medium will not adhere to the peas. As was discussed in an earlier 
chapter, the maturity of any particular variety of pea and the tenderness are 
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linked. Pea tenderness, whether raw or processed, can be measured with a 
pea tenderometer (i.e., shear test) and values assigned. The remaining 
delects can be observed visually, counted, and based on the drained weight 
of the unit sample. Trained taste panels are required to assess both the 
flavor and odor. Panelists must be able to detect and note the characteristic 
flavor and odor of processed peas, as well as to note off-flavors and odors 
and their most probable source. 

The standards can be made more specific by assigning specific values for 
color, viscosity, and clarity of the packing medium and texture. The 
tolerances for defects can be adjusted to provide tighter or more relaxed 
standards so that grades such as choice, select, standard, or A, B, C, and so 
on, can be defined. Many countries have such grade standards for canned 
fruit and vegetable products. 

The organoleptic evaluation of canned fish and fish products tends to be 
more elaborate than the pea example given earlier. Defects can be classed 
as serious, major, and minor with points assigned to each. A sample unit 
can be classed as a defective if it has more than a specified number of points 
in a defect class or total points. While the various tests for freshness or 
spoilage are useful, the most reliable is an organoleptic evaluation. Thus, 
successful fish canning requires knowledge and experience in fish and 
canning technology, as well as specific training in the organoleptic evaluation 
of both the fresh and canned products. The various defects found by 
organoleptic evaluation can frequently be traced to unsanitary or bad 
manufacturing practices. 

The presence of struvite and small gray spots can be added to the color, 
flavor, odor, texture, and unacceptable appearance defects. While these 
latter aspects are harmful to the quality, they do not present any hazard. 
Struvite, translucent crystals of ammoniacal magnesium phosphate (Mg - 
NH 4 - P0 4 . 6H 2 0), is usually formed in the larger sizes of cans after 
retorting, whereas the grayish spots are metallic sulfites that are formed 
preferentially in shellfish. In order to prevent such manifestations, some 
countries have authorized the use of chelating or sequestering agents such 
as ethylenediaminetetracetate (EDTA) or glucono-A-lactone. 

The Codex Alimentarius Commission has established quality standards 
for some fish products that give the steps to be followed to identify the 
defects and to assign scores related to the degree to which they are present 
(Tables 18.2 and 18.3). Various physical and chemical tests can support the 
results of the organoleptic examination. The sum of the scores attained can 
be used as a guide for the acceptance or rejection of the raw material or 
finished product. 

As can be seen in Tables 18.2 and 18.3, the organoleptic evaluation of 
canned fish depends very much on subjective evaluation by trained 
evaluators. As the assessment is subjective, the attainment of national, let 
alone international, standards is exceedingly difficult. However, any 
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Table 18.3 


Defects for Canned Sardines and Sardine-Type Products 

Defect Categories 

Defect Definition Serious Major Minor 


Removal of head 

Head incompletely removed 

a. Can containing more than 10 fish 

• more than 20% of fish - 

• up to 20% of fish - 

b. Can containing 10 or fewer fish 

• more than 2 fish - 

• 2 fish — 

Ventral breaks 

• More than 40% of fish in a can having 4 

ventral breaks of half the length or more of 

the abdominal cavity 

• 30-40% of fish in a can with ventral breaks 

Broken or cracked flesh 

• > 45% of the fish with broken or cracked 

flesh greater than 1/2 the width of the fish at — 

the point of occurrence 

• > 25-45% 

• 15-25% 

Color of packing oil 

• Very brown (except smoked products) 

• Slightly brown (except smoked products) or ~ 

cloudy — 

Odor and flavor 

• Distinctly objectionable odor and flavor 

(e.g., metallic or rancid) 6 

Texture 

• Excessively mushy flesh (i.e., fish does not 

keep its shape after draining on a screen) 6 

• Excessively tough or fibrous flesh 

• Hard bones (not easily friable using thumb _ 

and forefinger) 

Discoloration 

• Severe 

• Slight or localized ~ 

Exuded liquid (oil packs only) 

Water content (expressed as % of net contents 
of the can) 

• > 10—12% (if > 12%, Section 6.1.4 of the . 

Codex standard is applicable) 

• > 8 - 10 % 



1 



1 



4 

2 

1 



1 


1 



1 



Defective Unit 

A can shall be considered a defective if it has: 

a. More than 4 points classified as serious; 

b. More than 8 points (oil packed) or 6 points (other packs) for defects classified as 
major; or 

c. More than a total of 10 points (oil packs) or 8 total points (other packs) for defects 
in the combined classifications (inducing minor). 


Source: Codex Alimentarius Standards. 
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Defect Definition 

Serious 

Defect Categories 

Major Minor 

Cutting, trimming, and evisceration 




• Parts of tail (except for small fish) and/or head 

— 

— 

1 

• Hard scutes (jack mackerel) 

— 

— 

1 

• Excessive amount of viscera and/or feed (one 

4 

— 

— 

or more fish not eviscerated) 




• Small amounts of viscera and/or feed (except 

— 

2 

— 

for small fish and cutlets with belly uncut) 




Noncharacteristic pieces 



Ak [ 

• Each additional small piece beyond 2 

— 

— 

1 

• Flakes or further disintegrated fish flesh, skin. 




bone, or fin fragments (expressed as % of 




drained fish solids material) 




• over 10% 

4 


— 

• over 7% to 10% 


2 

~ 

Discoloration, flesh 




• Severe 

— 

2 

4 

♦ Slight or localized 



1 

Discoloration, packing media 




• Severe (overall) 

— 

L 

1 

• Slight 



1 

Odor and flavor, flesh or packing media 




• Odor and flavor distinctly objectionable (e.g., 

6 



metallic or rancid) 




Texture 




• Excessively mushy flesh 

6 

A 



• Excessively tough or fibrous or crumbly flesh 


9 


• Hard bones (not easily friable using thumb and 




forefinger) 

6 



• Honeycombing 




Exuded water (oil packs only) 




Water content (expressed as % of net contents 




of can 




a. fish packed in oil 

4 



> 8 (if above 8% Section 7.1.4 applies) 


o 


6-8% 


L 


b. fish packed in oil with own juice 

4 



> 12% (if above 12%, Section 7.1.4 applies) 


9 

_ 

10-12% 


L 


Separation of sauces 




Sauce separated into sole and liquid (except oil) 


9 


Severe (overall) 




Partly (objectionable appearance) 



1 

Foreign material 

6 

— 

— 
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Table 18.4 Continued 
Defective unit* 


Points classified as 

Jack mackerel in oil 

Other packs of jack 
mackerel & 
mackerel in oil 

Other packs of 
mackerel 

Serious 

4 

4 

4 

Serious + major 
Serious + major + 

10 

8 

6 

minor 

14 

12 

10 


Source: Codex Alimentarius Standards. 

A sample unit shall be considered a defective if it has more points than specified below. 
* Dressed fish and cutlets in various packing media. 


particular canner should endeavor to train personnel in such evaluations. 

Unfortunately, because the testing is destructive, the sample sizes are 
kept as small as possible, which reduces the sensitivity and the ability to 
detect low levels of defectives. On the positive side is that lots tend to be 
more uniform with respect to quality and the defects tend to be distributed 
throughout a lot. However, this is not an absolute, as the incidence of any 
particular defect can be quite low, and, rather than be distributed throughout 
the lot, it can be concentrated in a small portion of the lot with a good 
chance of not being picked up when low sample numbers are used. 

18.4 INVESTIGATION OF SOME END-PRODUCT PROBLEMS AND 
SOME SOLUTIONS 

Unfortunately, some canned food problems only become apparent during 
storage of the finished product. Even with all the quality control and 
assurance monitoring through the process tied together under a well- 
conceived HACCP system, mistakes do occur and can go unnoticed until the 
product has been stored for some time or is in the hands of the consumer. 
The incidence of such mistakes and deviations increases for those canners 
that do not have an adequate HACCP system installed. 

The most serious problem is one of spoilage, be it preprocess or 
postprocess. The canner that can detect evidence of spoilage before the 
product has been distributed to the retail market and is in the hands of the 
consumer is fortunate. Depending upon the nature of the spoilage and its 
cause, there is always the possibility that it may represent a health hazard to 
the consumer. A potential health risk can only be assessed by a properly 
conducted investigation. However, when there is evidence of spoilage in a 
lot of canned food that is in distribution, a public product recall is required. 
Product recalls can have drastic economic consequences, as a result of both 
the direct cost of the recall and decreased sales due to loss of consumer 
confidence. The consumer backlash can affect the sales of the canner’s 
products for a considerable time. A canner should be able to carry out a 
thorough investigation of spoilage in order to determine the cause and, most 
important, to take corrective action so that it is not repeated. 
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Despite all that is known about container abuse and the means for its 
prevention, any visit to a retail store will reveal ample evidence that 
container abuse is alive and well, especially with the metal containers. While 
some of the physically abused containers can be and are offered for sale, the 
damage to some is too extensive; hence, they must be withdrawn. This can 
be costly to the canner. In Chapter 17, the subject of container abuse was 
reviewed and mention was made of a system for mechanically assessing can 
defects used for Canadian canned salmon. As will be seen in this section, 
container abuse is not limited to the canning operations; rather it does occur 
during distribution for sale. 

Corrosion, both internal and external, seldom becomes evident before 
the product has undergone extensive storage. This may be apparent in an 
uncased product so that sorting and/or cleaning (i.e., refurbishing) can be 
undertaken before the product is distributed. Storage and handling abuse 
in areas not under the direct control of the canner does occur. Added to 
this is the occurrence of incidents such as floods, fire, and so on, that can 
further accentuate the problem of corrosion. 

As any canner can well attest, not all the containers in a lot will become 
spoiled, corroded, or have serious defects. Only a small proportion of a lot 
is generally affected. In such cases there is always the question as to what 
sound product can be recovered or salvaged. 

18.4.1 Investigation of Spoilage 

The cause of spoilage must be determined and corrective action taken to 
prevent any reoccurrence. The investigation of spoilage requires the 
employment of specific inspection sampling plans and microbiological, 
chemical, and physical analysis and testing, as well as the acquisition of data 
and information on the lot(s) so that the correct conclusions may be drawn 
and corrective action taken. While many texts deal with the causes and 
investigation of spoilage from a microbiological aspect, few deal with the 
additional information and data required. This lack was noted by the 
Committee on Food Hygiene of the Codex Alimentarius Commission. A 
panel of representatives from various countries well versed in the science 
and technology of canning and investigation of spoilage was convened. The 
result was a document entitled Guideline Procedures to Establish 
Microbiological Causes of Spoilage in Low-Acid and Acidified Low-Acid 
Canned Foods [the Codex Alimentarius Recommended International Code 
of Hygienic Practice for Low-Acid and Acidified Low-Acid Canned Foods, 
CAC/RCP 23-1979, Rev. 1 (1969), Appendix V], which is reproduced in its 
entirety in Appendix 1. 

The microbiological methods contained in the following guidelines are 
not intended to be used in establishing microbiological stability (i.e., 
commercial sterility), and although this is clearly stated, it bears repeating. 
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The methods and techniques are applicable to the examination of product 
known or suspected of being spoiled. The microorganisms, living and/or 
dead, must be present in sufficient numbers so that there will be a high 
probability that the small quantities removed from a container will contain 
sufficient numbers for identification. To establish sterility, all the contents 
of a container would have to be tested so that the presence or absence of 
only one viable organism could be established. In addition to analyzing all 
the contents of a container, a sufficient number of containers must be tested 
to establish to a high degree of probability that the lot may well be 
commercially sterile. As the incidence of contaminated product in any given 
lot, especially in the case of postprocess leakage, is frequently below 1%, 
large sample numbers would be required, which would involve destructive 
testing. Although some aspects of attribute sampling plans were covered in 
earlier sections of this chapter, an example is in order to illustrate the 
sample sizes that would be required. 

Suppose the problem is to sample and test a lot to determine if there is 
an incidence of survival of the more thermally resistant nonpathogenic 
spoilage organisms, thermophilic and/or mesophyllic, and that the acceptable 
level is not to exceed 1 container in 1000, a defective incidence of 0.001. Of 
course, this level cannot be accepted for the pathogenic C. botulinum. To 
have a 95% probability of detecting such an incidence or greater, 3000 
containers would have to be tested, and for 99% probability this increases 
to 4600. It should also be noted, as was discussed earlier, that there are also 
varying probabilities that lots that have an incidence less than 0.001 when 
sampled at the previously discussed levels will contain at least one defective 
(i.e., contaminated) container, causing the lot to be rejected. On the other 
hand, there is also a chance that a lot that has a higher incidence will escape 
detection, albeit at lower probability than the former. What better 
advertisement for the application of an HACCP system that ensures that the 
product is processed so that all containers achieve the desired level of 
microbiological stability. 

There are two basic elements in the investigation of spoilage in canned 
foods. One is the methods used to determine the cause, and the other, 
equally important, is the compilation of all the data and information on the 
lot(s) in question. Records of all the controls and monitoring of the 
production of the product from the acquisition of the raw materials to the 
finished product, including storage, distribution, and so on, that have been 
discussed in the preceding chapters will be required for a proper 
investigation. 

18.4.2 Reclamation or Salvage 

While the term salvage is usually confined to the recovery of property that 
has been subjected to a calamity, such as wrecks, fire, floods, and so on, it 
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can also be applied to the recovery of product unaffected by physical 
damage, corrosion, spoilage, and so on. Some member countries of the 
Codex Alimentarius Committee on Food Hygiene (CCFH) expressed 
concern with respect to the manner in which canned products in 
international trade were ostensibly salvaged. In some cases the methods of 
salvage were questionable and gave rise to a concern that product 
contaminated or otherwise rendered unsuitable for human consumption was 
allowed to be distributed for sale. In response to these concerns, the CCFH 
formulated guidelines for the salvage of canned foods that are suspected of 
having become contaminated or otherwise rendered unsuitable for human 
consumption as a result of being subjected to adverse conditions, such as 
flood, fire, or some other accident, during their storage, transportation, 
and/or distribution. The guidelines are designed to permit the salvage of 
canned food unaffected by such conditions and thus reduce the loss of 
wholesome food while preventing the sale or distribution of canned foods 
that may have been rendered unfit. These guidelines have been reproduced 
in Appendix 2. 

A canner can also be faced with the recovery of good or unaffected 
product from defective product. The affected lots may be still under the 
direct control of the canner or may have been returned due to a recall. Not 
all the product in any lot is generally adversely affected. For example, a lot 
may have an unacceptable number of serious visible defects. The desire is 
to separate the defective containers (i.e., those containing the unacceptable 
serious defects) from the unaffected containers. Even spoilage will not be 
present in every container. While many canners carry out this type of 
sorting routinely, regulatory agencies in various countries have expressed 
concern over the methods employed to ensure that the product is safe for 
consumption. Many of the salvage guidelines can be applied to such 
situations. 

For example, an import inspection program was undertaken in Canada 
in the late 1970s as a result of a number of problems caused by a high 
incidence of serious defects in imported canned foods packed in metal 
containers and a correlation of these defects with spoilage. This action was 
reinforced by outbreaks of foodborne illnesses directly related to postprocess 
contamination via container defects. While resources did not permit the 
inspection of every incoming lot of canned foods, a program was undertaken 
to inspect a number of lots during the year. Products from some countries 
were given special attention (i.e., a greater number of lots were inspected, 
due to past performance with respect to container defects). In one 
particular case, all lots from a certain country were subjected to inspection 
with the cost being borne by the importer. This obligation was not lifted 
until ample evidence had been obtained that the canneries in that country 
could continuously produce product that would meet Canadian 
requirements. One interesting result of the thousands of inspections that 
have been carried out in Canada is that lots generally fall into two distinct 

categories—very good or very bad—with few in the gray area in between. 
The very bad lots usually had incidences of defects well in excess of 1/1000. 
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Another result of the inspections was the number of requests to sort or cull 
defective containers from retained lots. Therefore, the inspection program 
had to have a protocol for the sampling inspection but also one for 
determination as to whether a lot could be culled and the manner in which 
any culling should be carried out. 

The sampling inspection involves the visual examination of a 
representative sample drawn from the lot for the presence of visible defects. 
This is a nondestructive examination. Prior to the sampling, the entire lot 
is given an overall inspection for any evidence of physical damage, wet or 
stained cartons, and so on. The contents of wet or stained cartons are 
examined, and if there is any evidence that it is due to swollen or leaking 
containers, then the lot would be automatically detained pending 
investigation of the cause of the swelling or leaking containers. Investigation 
methods are very similar to those contained in the guideline procedures for 
investigation of spoilage outbreaks referred to earlier in this chapter. 

In cooperation with the Canadian canning industry defects that were 
deemed to be unacceptable or serious were defined and a list of examples 
was given. A serious defect for the purpose of carrying out the visual 
inspection of canned foods in Canada is defined as that which provides 
evidence that: 

1. There is or has been microbial growth in a container contents; for 
example, a swollen container (i.e., hard or soft swells, springer, and flipper) 
or evidence that the container contents have leaked due to internal pressure. 

2. The hermetic seal of the container has been either lost or seriously 
compromised. The hermetic seal has been lost in the following defects: 

• cable cut 

• cut over 

• score fracture 

• cut code 

• pin holes 

• mechanical or physical damage resulting in punctures or fractures; 
and compromised in: 

• gross loose double seams 

• knocked-down flange 

• knocked-down curl 

• false seam 

• double seam vees and droops 

• improperly welded or soldered side seams 

• dead head or spinner 

• misassembled covers. 
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3. The container has been rendered unsuitable for sale or distribution for 
reasons other than those given in (1) or (2) and encompasses such physical 
damage as: 

• sharp dents to the double or side seam 

• dents in close proximity to the seams that may cause a distortion of the 
seam 

• dents or panelling of the container body that result in a distortion of the 
end plates or covers 

• dents or panelling of the body which result in extensive alteration of the 
can profile (i.e., crushed). 

Corrosion, as discussed in Chapter 17, requires special mention. 
Evidence of pitted corrosion, especially at or in a score line, or corrosion 
that covers more than 10% of the container surface, is considered a serious 
defect. A complete description along with pictures or illustrations of all 
possible defects and their classification as to seriousness was published by 
Fisheries and Oceans Canada (see reference, Chap. 17) for guidance in the 
detection, identification, and classification of defects. An illustrated 
classification of visible exterior can defects in the form of a wall poster has 
been published by the Association of Official Analytical Chemists (1111 
North 19th Street, Suite 210, Arlington, Virginia 22209); another will soon 
be published by the Codex Alimentarius Commission. These latter two 
manuals tend to deal with the more serious defects. Another informative 
reference is the Guidelines for Evaluation and Disposition of Damaged 
Canned Food Containers, Bulletin 38-L (2nd ed.) of the National Food 
Processors Association, Washington, D.C. The following pictorial for 
semirigid and flexible container defects are also available: 

• Flexible Package Integrity Bulletin, National Food Processors Association, 
Washington, D.C., 

• Flexible and Semi-Rigid Visible Container Defects, Campden Food and 
Drink Research Association, Chipping Campden, UK. 

The sampling plan consists of taking a representative sample of 200 
containers from the lot. Since most lots inspected are cased, 40 cases are 
taken from different locations in the lot, from which five containers are 
taken from each. For labeled metal cans, the labels are removed prior to 
the visual inspection of each container. This is not possible when the cans 
are lithographed. Whenever possible, the labels should be removed so that 
the entire container surface can be inspected. This is particularly important 
in the case of corrosion, which can be hidden under the label, and to observe 
the effects of dents, panelling, and the like. There is considerable opposition 
to the removal of the labels on the sample cans, especially on the part of 
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importers of canned foods. Their position is that cans found free of serious 
defects should be returned to the lot from which they were taken so that 
they can be placed in distribution if the lot passes inspection. This is not 
possible if they are no longer labeled. Replacement of the removed labels 
is seldom possible as they are usually damaged to some degree during the 
removal. Importers do not have extra labels for imported product, and to 
have this for every lot would be an added cost, as would the relabeling of 
good-order product. At the present time the removal of the labels is left to 
the discretion of the inspector. If corrosion is suspected or physical damage 
is present that cannot be evaluated as it is hidden by the label, then the 
labels should be removed. 

The acceptance number (c) is zero. Thus, none of the 200 containers 
can have a serious defect. If one or more containers has a serious defect, 
then that is cause for the entire lot to be detained pending disposition of 
further investigation. Detained lots can be destroyed or culled, depending 
upon the defects found. Importers have an additional option in that the lot 
can be sent back to the country of origin. Culling of detained lots can only 
be carried out upon the approval of the agency that has jurisdiction of the 
methods to be employed. All culled lots are subject to reinspection. 

Physically damaged, wet, or stained cartons are separated from the 
inspection lot. In the case of physical damage, the remaining good-order 
cases can be given the normal sampling inspection. The cause of the wetting 
or staining must be determined. If it is due to product leakage and the 
cause of the leakage is microbial, then the entire lot is suspect. This will 
require expert evaluation before any determination with respect to possible 
culling can be made. If the staining or wetting is from some external source, 
then the good-order cases can be given a normal inspection sampling. If 
mechanical culling employs any one of a number of available dud detectors 
(i.e., by end plate or cover deflection), then the protocol established by 
Fisheries and Oceans Canada for canned salmon must be applied. This has 
been the preferred method because manual culling is both tedious and 
expensive. 

The sampling plan for reinspection following culling is m = 1250 and c=0. 
The AQL (Pa=95%) for the initial sampling plan, ft=200 and c=0, is 
0.025% (2.5/10,000) and is the quality level with respect to serious defects 
that the lots should have to have a reasonable expectation of passing 
inspection. For the reinspection sampling plan, n = 1250, c=0, the AQL is 
0.004%; however, the RQL (Pa = 10%) is 0.2% (i.e., there is a 90% 
probability that culled lots that have this level of serious defects or greater 
will be detected and rejected). 
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Appendix 1 

THE CODEX ALIMENTARIUS GUIDELINE PROCEDURES TO 
ESTABLISH MICROBIOLOGICAL CAUSES OF SPOILAGE 
IN LOW-ACID AND ACIDIFIED LOW-ACID CANNED FOODS 

Cautionary Note on the Use of these Guideline Procedures 

The proper diagnosis of the causes of microbiological spoilage 
requires considerable training and experience. Anyone not 
experienced in spoilage diagnosis should use these guidelines and 
identified references only in consultation with canned food 
laboratory experts. 

1. SCOPE 

These guidelines summarize procedures to establish the causes of micro¬ 
biological spoilage in low-acid and acidified low-acid canned foods; 
references to appropriate techniques are supplied. It is intended that these 
procedures be used in the investigation of the causes of microbiological 
spoilage and not to establish the total absence of viable organisms in a single 
container or to determine commercial sterility of a lot. These methods may 
also be used for the initial identification of potential safety problems. They 
have no role in establishing commercial sterility. 

Water activity controlled foods (e.g., canned bread, cheese spread, 
chorizo sausage and pasta in pouches), aseptically processed and packaged 
foods, and perishable cured meat products require special consideration and 
are not covered in this text. Spoilage diagnosis should be carried out in 
consultation with experts in that commodity. 

2. EXPLANATORY PREFACE 



Canned foods should be commercially sterile and not contain any substances 
originating from microorganisms in amounts that may present a hazard to 
health [International Code of Hygienic Practice for Low-Acid and Acidified 
Low-Acid Canned Foods, CAC/RCP 23-1979, Section XI]. The key is the 
term commercial sterility , which is defined in the Code of Hygienic Practice. 

Strict adherence to the procedures presented in the Code of Hygienic 
Practice for Low-Acid and Acidified Low-Acid Canned Foods will give 
reasonable assurance that a lot of canned food will meet this end-product 
specification. While sampling and analysis of the end-product is not 
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recommended for establishing the commercial sterility of a lot, they are 
important procedures in the investigation of lots that may contain spoiled 
food. 

3. INTRODUCTION 

The primary reasoning behind the spoilage diagnosis procedure is to distin¬ 
guish between postprocess contamination (i.e., leakage) and insufficient 
thermal processing. The spoilage diagnosis procedure relies on the fact that 
vegetative cells (including yeasts) have little or no heat resistance. Bacterial 
spores are heat resistant, so a pure culture of spore forming organisms 
means insufficient thermal processing. A mixed flora of different vegetative 
organisms usually means leakage. Therefore, to distinguish between 
thermally resistant and labile organisms, heat treatment of inocula prior to 
cultural examination is necessary. Since microbiological examination of 
canned foods is an integral part of any investigation of the cause of spoilage, 
it is important that reliable and reproducible procedures for the examination 
of both the container as well as its contents be employed. Such procedures 
can be used by a processor, an independent laboratory, or a regulatory 
agency. 

It should be remembered that spoilage can also indicate a potential 
hazard to the health of the consumer. If there is evidence that a search for 
a specific pathogen is necessary, then appropriate procedures should be 
applied. Methods for the identification and enumeration of various 
pathogens associated with foods can be found in a number of texts on the 
subject. Various texts that have been found generally useful are referenced 
at the end of the document. 

As spoilage of canned foods may result from poor handling of 
ingredients prior to processing, underprocessing, or postthermal processing 
leaker contamination, procedures to establish the cause of spoilage ought not 
to be limited solely to examination of the food contents for viable organisms. 
They should also include the physical examination of the container and an 
evaluation of its integrity, as well as, where possible, the examination of 
pertinent cannery records of the can seam teardown, the processing and 
shipping history of the product. The results of these should be taken into 
account, together with the microbiological results, in arriving at a final 
conclusion. 

4. PROCEDURES FOR DETERMINING THE CAUSE OF SPOILAGE IN 
LOTS OF CANNED FOOD 

The identification of the lot, the compilation of its history including can 
seam teardown and thermal processing records, together with knowledge of 
distribution are needed, as well as the sampling, inspection and examination 
of containers and contents. 
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1. External Visual Inspection and Physical Nondestructive Measurements 
(Inspect label, read code, then weigh can and contents. Mark can and label; 
remove label; inspect inside of label for location of stains and can for corrosion. 
Inspect seams for product leakage and visible defects such as knocked down 
flange, solder voids, etc.). 

I 

i -1 

Normal Container Swollen, Leaking, Punctured or 

Holed Container^ - — ■« 

i I 

2. Incubation — if packed less than 2 weeks or stored cold » - - 1 ■ * 

l 

3. Clean and Disinfect External Container Surfaces 

1 

4. Open Container Aseptically — if swollen, test for hydrogen gas 

l 

5. Aseptically Sample Contents for Microbiological Examination 

(Take reference sample and refrigerate) 

1 

6. Prepare Smear and Examine by Direct Microscopy 

l 

7. Microbiological Analaysis 

1 

8. Meaasure pH of Contents 

i 

9. Sensory Evaluation of Contents (odor, color, texture, and appearance) 

This may help to determine whether can was thermally processed. Under no 
circumstances should the product under investigation or analysis be tasted. 

I 

10. Empty Container, Sterilize (if putrid), Determine Net Weight 

11. Test Container for Leaks (e.g., vacuum, dye testing, etc.) 

I 

12. Assess Seams and/or Seals for Correct Formation 

Figure 1. Flow diagram of the procedures for the examination of a thermally 
processed food in a hermetically sealed container. 

4.1 Lot Identification and History 

It is important to compile as much information as possible about the suspect 
product lots. This should not be restricted solely to the acquisition of 
microbiological data. It is also important that the information and data be 
examined for the presence of trends or patterns before arriving at any con¬ 
clusions. A check list of the information required is helpful to ensure that 
essential data are not missed. An example of information needed in such a 
check list is given in Appendix 1A. 

A note should be made as to the source of the can (sample) (e.g., from 
an inspector), or from a domicile or establishment where there has been an 
outbreak of food poisoning. 
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4.2 Laboratory Examination 

An outline of procedures for examining a product and its container are 
shown in the flow diagram (Fig. 1). Specific information relating to each of 
the stages in this procedure is contained in the following sections of the text. 
While certain of the procedures relate mainly to the examination of rigid 
metal cans, they can be adapted for all types of containers used for 
packaging thermally processed foods. There are sections in the report 
concerning the interpretation of the results of these procedures and guidance 
on where hygiene problems may exist so that corrective action can be taken. 

Table 1 Some Visual External Defects Found in Metal Cans* 
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4.2.1 External Inspection 

4.2.1.1 Each container in the sample should be examined visually before and 
after removal of any labels. All identifying marks and stains or signs of 
corrosion on the containers and labels should be carefully and accurately 
recorded. After removal in one piece and inspection of both sides, the label 
should be identified with the same reference as the container and be 
retained. 


4.2.1.2 The visual examination should be carried out under good 
illumination and preferably with the aid of a magnifying lens before opening 
or attempting any seam measurements. With respect to metal cans, 
particular attention should be paid to the examination of the seams for the 
defects, such as cutovers, dents (adjacent to or on the seam), droops, vees 
or spurs, pleats, knocked down flanges and for lap faults. Other less 
noticeable defects may occur (e.g., faults in tin plate, score marks caused by 
supermarket case opening knives, small pin holes in welded side seams, rust 
holes, etc.). Therefore, careful visual examination of the whole of the 
container is essential. A list of some of the visual external defects commonly 
found to occur in metal cans is given in Table 1. 

4.2.1.3 During examination of the container an attempt should be made to 
establish whether the defects are the result of damage caused by mishandling 
during shipment or is a result of damage within the processing establishment. 
All observations should be recorded. 

The location of any defect on the can is important and should be marked 
on the can and recorded. 

4.2.1.4 Nondestructive measurements of seals or seams should be carried 
out. For example, for cylindrical cans, measurements of double seam height 
and thickness, and countersink should be carried out at least three locations 
approximately 120° apart around the double seam, exclusive of the juncture 
with the side seam. Blown, badly distorted, or damaged containers are 
usually only suitable for visual examination since the seams are often too 
distorted for proper seam measurements to be made. However, they should 
not be discarded, for even badly distorted cans should be retained for 
detailed structural, and possibly other (e.g., chemical), examination and until 
the investigating authority and the manufacturer are quite satisfied that they 
need not be kept any longer. Tests or measurements (e.g., tap-test, 
countersink, or center depth) can be used to give comparative measures of 
the internal vacuum with respect to a normal can. 

4.2.1.5 Determination of Net Weight 

The gross weight of the container and contents should be measured and 
recorded at this stage. The determination of the net weight is delayed. 
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The net or drained weight, whichever is appropriate, should be deter¬ 
mined for each container in the sample. (A close approximation of net 
weight can be obtained by subtracting the average weight, if known, of empty 
containers plus the second cover from the gross weight of the filled, sealed 
container.) 

4.2.1.6 Overfilling 

Overfilling reduces the headspace and may adversely affect the vacuum when 
the container is sealed. With solid products it may cause containers to have 
a zero internal vacuum and even result in bulging of the container ends 
giving the appearance of a swollen can. Overfilling may decrease the effec¬ 
tiveness of a thermal treatment. This is particularly true when agitating 
sterilization or flexible containers are used. It causes excessive strain on 
seals or seams during processing. Overfilling of a container may be 
indicated when the net weight exceeds a reasonable tolerance of the declared 
or target net weight or of the average net weight determined by examination 
of a significant number of containers of normal appearance. 

4.2.1.7 Underfilling 

Underweights may indicate that either the container was underfilled or 
leakage has occurred. Other evidence that leakage may be the cause of 
underweight should be sought (e.g., stains or product residues on the 
container surface, label or surrounding containers in the same carton). 
Panelled cans may indicate loss of liquid during thermal processing. 

4.2.2 Incubation 

Swollen, punctured, or holed containers must not be incubated. 

Consideration should be given as to whether the container(s) should be 
incubated before opening for microbiological examination of the contents. 
The aim of incubation is to increase the likelihood of finding viable 
microorganisms in subsequent microbiological examinations. Incubation 
results alone should not be used to decide the fate of the affected lot . 

Considering the length of time involved in international shipments of 
canned foods, incubation may not be necessary. Containers should be 
incubated at, for example, 30°C for 14 days and/or 37°C for 10 to 14 days. 
Note that a number of leakage spoilage organisms will not grow above 30°C. 
In addition, if the product is intended to be distributed in areas of the world 
with tropical climate or is to be maintained at elevated temperatures 
(vending machines for hot product), containers should also be incubated at 
higher temperatures, e.g., for 5 days at 55°C. Since thermophiles may die 
during such incubation period, it is desirable to examine containers 
periodically for the evidence of gas production before the end of incubation. 
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4.2.3 Cleaning, Disinfection, and Opening of Containers 
4.2.3.1 Swollen Containers 

The external surfaces of containers should be cleaned with a suitable 
detergent and rinsed. Containers should be disinfected for at least 10-15 
minutes in freshly prepared 100-300 ppm chlorinated water, buffered to 
approximately pH 6.8, or by flooding the end with an appropriate alcoholic 
iodine solution (e.g., 2.5% w/v iodine in ethanol) and leaving for 20 minutes. 
Alternatively, the end can be decontaminated by flooding or spreading with 
a 2% solution of peracetic acid in an appropriate wetting agent (e.g., 0.1% 
polysorbitan 80) for 5 minutes. Containers should be dried immediately 
after disinfection, using clean sterile disposable paper tissues or towels. 
Appropriate safety precautions should be taken when using any of these 
chemical disinfectants. 

All containers should be handled as if they contained botulinum toxin or 
pathogens. Horizontal laminar flow cabinets that blow air over the operator 
should not be used. A safety cabinet may be used when opening containers 
suspected of not being commercially sterile. Swollen containers should be 
opened within the cabinet while inside a sterile bag or by using the sterile 
inverted funnel method to contain any spraying of the contents. When not 
sampling the contents, cover the open end with a sterile cover (e.g., half 
Petri dish or other suitable sterile covers). 

It is usual to open the noncoded end of the metal container. For cans 
that contain liquid or semi-liquid components, a sterile stainless steel spike 
with a shield can be used to pierce the container and the contents sampled 
using a sterile pipette, or equivalent apparatus. For opening cans that 
contain solid product a sterile disk cutter should be used, alternatively, the 
side may be aseptically pierced and the can opened by aseptically cutting 
round the body. It is essential that damage to the seams and seals be 
avoided when opening containers. Open plastic containers from the bottom 
or side to prevent damage to the seal area and/or lid. After disinfection 
lightly flame dry, avoiding damage to the plastic container and with a small 
heated sterile device such as a soldering iron equipped with a sharp tip, cut 
a hole large enough for the aseptic removal of the samples. 

If a safety cabinet is not used, it is recommended that a face shield be 
worn and that the side seam point away from the person opening the 
container. To test for hydrogen, gas may be collected in a test tube over the 
point of puncture and the open end of the tube immediately exposed to a 
flame. A loud "pop” indicates the presence of hydrogen. If the can to be 
used for gas analysis is also to be used for cultural analysis, precautions 
should be taken to prevent external contamination. 

Describe and record any unusual odors from the contents that may be 
noticed immediately after opening; however, direct sniffing must be avoided. 

Unless a swollen can is suspected of containing gas-producing thermo¬ 
philic anaerobes, it may be stored at 4°C before opening to reduce the 
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internal pressure and reduce spraying of the contents. However, prolonged 
storage at such temperatures should be avoided as it may effectively reduce 
the number of viable organisms and hamper attempts to isolate the causative 
microorganisms. 

4.2.3.2 Flat (Not Swollen) Containers 

With liquid foods, stratification or sedimentation of the microorganisms may 
occur. To ensure mixing of any contaminating microorganisms, it is 
advisable to shake the container just before opening. 

The end of the container that is to be opened for sampling should first 
be decontaminated by the methods described in Section 4.2.3.1 and/or by 
flame sterilizing the end. Open with a sterile opening device. Describe and 
record any unusual odors from the contents that may be noticed immediately 
after opening, and as for the swollen cans, direct sniffing must be avoided. 

When not sampling the contents, cover the open end of the container 
with a sterile cover (e.g., sterile half Petri dish or other suitable sterile 
cover). 

4.2.4 Microbiological Analysis 

Appendix IB and standard texts (e.g., Speck, 1984; C.F.P.R.A. Technical 
Manual No. 18, 1987; Buckle, 1985, should also be consulted. 

4.2.4.1 Reference Sample 

A reference sample of at least 20 g or ml should be aseptically removed 
from the contents and transferred to a sterile container, sealed, and held at 
a temperature below 5°C until required. The reference sample may be 
required to permit confirmation of results at a later stage. Care should be 
taken to avoid freezing, as this may kill a significant number of bacteria in 
the reference sample. If thermophilic contamination or spoilage is the 
concern, the reference sample should not be refrigerated. The reference 
sample also provides material for nonmicrobiological tests or analyses (e.g., 
for analysis for tin, lead, toxins, etc.), but if these are anticipated appropriate 
amounts must be taken. For solid, and in some instances semi-solid foods, 
the reference sample should be made up from samplings taken from various 
suspect points (e.g., the center core, product surfaces in contact with the end 
or double seam, specially that in contact with the cross-over), product in 
contact with the side seam, if there is one. Transfer all samplings to a sterile 
container and store as described earlier. 

4.2.4.2 Analytical Sample and Inoculation of Media 

For the purpose of preparing analytical samples, canned products can be 
divided into two main groups, namely solid and liquid. Separate procedures 
may be required to prepare analytical samples of these products. 
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4.2.4.2.1 Liquid products 

These products may be sampled using suitable sterile, plugged pipettes with 
wide-bore tips. (Pipetting by mouth suction should be avoided.) The sample 
should be inoculated into both liquid and solid media. 

It is recommended that each tube of liquid medium be inoculated with 
at least 1-2 ml of the sample of the container contents. Each solid media 
plate should be streaked with a least one loopful (approximately 0.01 ml) 
of the sample of the container contents. 


4.2.4.2.2 


Solid and Se 


II 


i-Solid Products 


For such products both core and surface samplings should be taken. 

For taking a core sample, a suitable sterile device (e.g., a large-bore glass 
tube or a cork borer) having an adequate diameter and length should be 
used. 

In the case of spoilage resulting from underprocessing, the most likely 
location in which microorganisms may be expected to survive would be the 
geometric centre of the can contents. Thus, the central portion of the core 
sample is of prime interest. Sufficient product should be aseptically excised 
from the central portion of the core to provide 1-2 g for each tube of liquid 
media to be inoculated and for the streaking of each plate of solid media. 
For multiple tubes and plates, the central portion can be chopped or 
blended with a suitable diluent. 

Postprocess contamination may give rise to localized surface 
contamination and growth in solid products. If this is suspected, the surface 
should be sampled. Using a sterile scalpel, knife or other suitable device 
scrape product from the surface, paying particular attention to those areas 
that were in contact with the double or side seams and any easy opening 
feature. The scraped product should be put into a sterile container. As an 
alternative or additionally, it may be sufficient to swab those areas of the 
double and side seams plus any easy opening feature of the containers that 
had come into contact with the product. After swabbing, the swab should 
be placed into a suitable sterile diluent and shaken vigorously; portions 
should be used to inoculate the tubes and for streaking the plates. 

The core sample and the surface samplings should be treated as 
separate analytical units. 

Wherever possible identical microbiological analyses should also be 
done on at least one apparently normal can of the same code lot or batch 
for comparative purposes. Where cans from the same code lot or batch are 
not readily available, apparently normal cans from codes or batches as close 
as possible to the suspect lot or batch should be used. 

A flow diagram of aerobic and anaerobic microbiological analysis of 
canned foods is found in Figures 2 and 3 (see also Appendix IB). These 
may be useful in the interpretation of the microbiological examination. 
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4.2.4.3 Direct Microscopic Examination 

This is a very useful test in the hands of an experienced worker. 

Different techniques can be used for direct microscopic examination 
(e.g., stain with 1% aqueous crystal violet or 0.05% polychrome methylene 
blue, phase contrast technique, or fluorescent stain procedure). 

It may be necessary to defat some oily foodstuffs on the slide using a 
solvent (e.g., xylene). 

There is an advantage in using both wet film and dry stain techniques. 
Remember when using a Gram stain that old cultures often give a variable 
Gram reaction. 

A slide of the can contents should be prepared for examination. Control 
slides prepared from the contents of apparently normal cans of the same 
code lot or batch should also be prepared, particularly if the analyst is 
unfamiliar with the product or if numbers of cells per field are to be 
compared. 

It is important to note the following. 

It is easy to confuse particles of product with microbial cells; therefore, 
it may be prudent to dilute the sample before preparing the smear. 

Dead microbiological cells that result from incipient (pre-process) 
spoilage or autosterilization may show up on smears at this stage, and no 
growth will be evident in the inoculated culture media. 

Do not assume that apparent absence of microbial cells in a single field 
means that none are present in the product. 

The entire smear or wet mount should be carefully scanned to locate 
areas of microbiological interest from which a least five fields should be 
examined in detail. Record observations giving approximate numbers of 
each morphological type observed in each field. 

4.2.5 Measurement of pH of Contents 

The pH of the contents should be measured in accordance with existing 
methodology (see Appendix II, Recommended International Code of 
Hygienic Practice for Low-Acid aand Acidified Low-Acid Canned Foods, 
CAC/RCP 23-1979) and compared with that of normal cans. A significant 
change in the pH of the contents from that of normal product may indicate 
that there has been microbial growth. However, absence of such change 
does not always indicate that no growth has occurred. 

4.2.6 Sensory Examination 

This is an important part of the examination of canned foods. During this 
procedure note should be taken of any evidence of product breakdown, off 
or unusual color, odor, or, in the case of liquid components (brine), 
cloudiness or sedimentation. 

Normal changes in texture of solid products can be perceived by feeling 
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or squeezing the product with a rubber or plastic gloved hand. For proper 
organoleptic evaluation, product temperature should not be less than 15°C 
and preferably not more than 20°C. Where possible, the results of the 
sensory evaluation should be compared with the same evaluation of the 
contents from apparently normal cans from the same or neighboring code 
lots or batches. 

4.2.7 Emptying and Sterilization of the Suspect Container 

The remaining contents should be emptied out into a suitable waste 
receptacle. It is important that cans containing spoiled product be disin¬ 
fected or autoclaved prior to washing and further testing (e.g., leak testing, 
seam teardown, etc.), After washing, examine the internal surfaces for any 
evidence of discoloration, corrosion or other defects. 

If required for the determination of the net or drained weight, the empty 
container should then be dried and then weighed (see Section 4.2.1.5). 

The empty container and any parts should be clearly identified and re¬ 
tained as long as there is any chance that it may be required for further 
examination or evidence. 

4.2.8 Leak Detection Methods 

A number of methods may be used for determining leakage in containers. 
The method chosen is often determined by the degree of accuracy required, 
the number of suitable containers available for testing, and the need to 
simulate conditions thought to exist when the containers originally leaked. 
More than one type of test is often employed in combination with 
microbiological testing to determine the type and cause of the spoilage being 
investigated. Data obtained from tests for container leaks are often used to 
corroborate microbiological test results obtained on product from the same 
containers. The information may be useful for preventing problems from the 
same cause. 

Each leak testing method has its advantages and disadvantages. For 
example, air pressure testing, while usually rapid, may be criticized for not 
testing the can in its natural vacuum state. Helium testing may be too sen¬ 
sitive and indicate leakage when none actually occurred. It also does not 
indicate the point of leakage. The hydrogen sulfide test is useful for deter¬ 
mining the location and size of the leakage as well as for providing a 
permanent record; some find the method too slow for testing a large number 
of cans. Preparing the cans for testing as well as the ability of the operator 
to conduct the test properly and interpret the results accurately are as 
important as choosing the appropriate test for leakage. 

It is not always possible to recreate leakage in containers that may have 
leaked at some time during or after processing. Product often plugs the 
leakage path, and it may not be possible to remove it when cleaning the can 
prior to testing. 
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In these instances, many more suspect cans than were tested 
microbiologically may have to be tested to establish leakage in a lot. It is 
sometimes helpful to leak test cans from the same lot which are not suspect 
when leakage cannot be recreated in cans with spoiled product. 

Procedures and discussions of various methods of container leakage 
testing may be found in the following references: U.S. F.D.A. (1984), N.C.A. 
(1972), C.F.P.R.A. (1987), AFNOR-CERNA (1982), H.W.C. (1983), and 
Buckle (1985). 

4.2.9 Seam Tear-Down 

The procedures for examining and assessing double seams of canned foods 
subject to investigation for cause of spoilage are the same as those given in 
Section 7.4.8.1.2 of the Recommended International Code of Hygienic 
Practice for Low-Acid and Acidified Low-Acid Canned Foods, CAC/RCP 
23-1979. 

However, the interpretation of results from such seam examinations may 
be different for spoilage investigation than for process control. When 
microbiological results indicate recontamination spoilage, the presence of 
obvious seam abnormalities often confirms leakage. On the other hand, 
recontamination may occur in the absence of obvious seam defects. 
Examples of other sources of recontamination are: seam damage after 
closure, temporary leakage, sealing compound effects, and plate pinholes and 
fractures. In such instances the additional procedures given under leak 
testing as well as the microbiological results are necessary. 

For these reasons, results from seam tear-down as part of spoilage 
investigation must be considered only in context with all other spoilage 
investigation efforts and require expert interpretation. 

5. Guidelines for the Interpretation of Laboratory Data 

The interpretation of the laboratory data in Tables 2 and 3 as well as Figures 
2 and 3 (Appendix IB) should be considered together with the overall 
pattern of the particular spoilage incident being investigated and the product 
history. 

6. Guidelines to Assist in Identifying Causes of Spoilage 

It is important that all available data be used in identifying causes of 
spoilage. It is essential that a complete assessment be made for each 
incident of spoilage. Data must be gathered (see Appendix 1A) from the 
processing plant and the laboratory analyses and other sources by the 
appropriate expert(s). A careful and comprehensive analysis of such data is 
imperative in the accurate identification of the cause of spoilage. The 
following guidelines, though not all inclusive, should assist this identification. 



APPENDIX 1 


677 


6.1 Number of spoiled containers 

(a) Isolated container — usually a random leaker and containers rarely the 
result of underprocessing. 

(b) Several containers — mixed microflora, probably due to postprocess 
contamination and leakage. 

Leaker spoilage may occur with or without defective seams or visible 
dents and may be related to overcooling, inadequate chlorination, 
contaminated cooling water and/or dirty, wet postprocessing equipment. 
Handling cans while warm and wet may increase likelihood of leaker 
spoilage. If there is a high proportion of spoiled containers and only 
sporeformers are present, underprocessing is usually indicated. However, 
leakage should not be ruled out. 

6.2 Age of Product and Storage 

(a) Excessive age and/or excessively high temperature may give rise to 
hydrogen swells. This is more likely to occur with canned vegetables 
(e.g., artichoke hearts, celery, pumpkin and cauliflower. 

(b) Corrosion or damage that causes perforations of container may lead to 
leaker spoilage and secondary damage to other cans. 

(c) Thermophilic spoilage may result from storage at high temperatures 

(e.g., 37°C (99°F) and above. 

6.3 Location of spoilage 

(a) Spoilage in center of container stacks, or near the ceiling, may indicate 
insufficient cooling, resulting in thermophilic spoilage. 

(b) Spoilage scattered throughout the stacks or cases may indicate 
postprocessing leakage or underprocessing. 

6.4 Processing Records 

(a) Records that show poor control of thermal processing may correlate 
with spoilage from underprocessing. 

(b) Adequate processing records may eliminate under-processing spoilage 
and indicate postprocessing leaker contamination. 

(c) Incorrect retort operation (i.e., leaking air or cooling water valves, 
broken thermometers, and incorrect reel speed of rotary cookers) may 
lead to underprocessing. 

(d) Delays coupled with unhygienic preprocess conditions may result in 
incipient or preprocess spoilage. 

(e) High thermophilic counts in blanchers may correlate with thermophilic 
spoilage. 

(f) Changes in product formulation withour re-evaluation of process 
parameters may lead to underprocessing. 
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(g) Inadequate sanitation may lead to a build-up of microorganisms, which 
either result in preprocess spoilage or render the scheduled process 
inadequate. Postprocess leaker contamination may also be caused by 
inadequate sanitation. 

6.5 Laboratory Data 

(a) See Tables 2 and 3 and Figures 2 and 3, which correlate with the 
verification of positive tubes as discussed in Appendix IB. 

7. Concluding Remarks 

The foregoing is concerned with the cause of spoilage in canned foods. Of 
necessity, such determinations are different from those required to establish 
that commercial sterility has been achieved within a given code lot of 
product. 

It is not within the scope of this procedure to give any guidance as to the 
disposal of lots that have been demonstrated to be not commercially sterile. 

The reasons for spoilage are many and varied. Therefore, a decision as 
to the disposal of such lots needs to be made on a case-by-case basis, 
utilizing much of the information obtained in assessing the status of the lot 
from which the container was obtained. Whether or not a lot can be 
salvaged will depend, for example, on factors such as the reason for spoilage, 
the ability and reliability of physically separating satisfactory from 
unsatisfactory products, and so on. These factors will of course, vary widely. 
Therefore, the general principles outlined in the "Guidelines for the Salvage 
of Canned Foods Exposed to Adverse Conditions" apply and may be used 
for lots in which spoilage has been identified. 

8. References 

1. AFNOR-CNERNA 1982. Expertise des conserves appertistes: aspects techniques et 
microbiologique , France. 

2. Buckle, K. A. 1985. Diagnosis of spoilage in canned foods and related products, University of 
New South Wales, Australia. 

3. C.F.P.R.A. 1987. Examination of suspect cans. Technical Manual No.18. Campden Food 
Preservation Research Association, England. 

4. Empey, W. A., 1944, The internal pressure test for food cans, C.S.I.R.O. Food Preserv. Q. 

4:8-13. 


5. Hersom, A. C., Hulland, E. D. Canned Foods: thermal processing and microbiology, 7th ed., 
1980, Churchill Livingstone, Edinburgh. 


APPENDIX 1 


679 


6. N.C.A. 1972. Construction and use of a vacuum micro-leak detector for metal and glass 
containers. National Food Processors Association, United States. 

7. Speck, M. L. 1984. Compendium of methods for the microbiological examination of foods. 
American Public Health Association. 

8. Thorpe, R. H., Baker, P. M., 1984. Visual can defects. Campden Food Preservation Research 
Association, England. 

9. U.S.F.D.A. BAM 1984. Bacteriological analytical manual (6th edition). Association of Official 
Analytical Chemists, Washington, D.C. 



680 


FOOD CANNING TECHNOLOGY 


Sample 


i- 

30-37°C** (lip to 4 days) 


Aerobic Media Tubes 


55°C (Up to 4 days) 


If + growth - 

microscopic exam 


Mixed flora 
containing some 
cocci, yeasts, or 
mold, indicates 
postprocess 
contamination 


If only rods 
present! 


NAMn* 35°C (Up 
to 10 days) 


If spores present 
by microscopic 
exam, heat 10 min 
at 100°C 


If no spores, 
indication of 
postprocess 
contamination 


NAMn* 


3S°C (Up to 4 
days) | 

If + growth, 
probable 

insufficient thermal 
process 


55°C (Up to 4 
days) 

I 

If + growth, 
probable 

insufficient thermal 
process 


If + growth, rods 


NAMn* 55°C (Up 
to 4 days 

I 

If spores present 
by microscopic 
exam, heat to 10 
min at 100°C 

I 

NAMn* 35°C (Up 
to 4 days) 55°C 


If + growth 
mesophyllic aerobic 
Bacillus spp 


Probable 

insufficient thermal 
process 


If + growth 
thermophilic 
aerobic Bacillus spp 


Normal 

thermophilic flora 
unless product was 
stored at high 
temperature 


(* NAMn = Nutrient agar plus manganese) 

(** Conditions for microbial growth are optimal at 30-35°C. However, incubation 
temperatures of 36°C to 37°C may be used depending upon regional environmental 
conditions.) 

Figure 2. Flow sheet aerobic cultural examination of low-acid canned foods for 
spoilage and diagnosis of results. 
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Sample 


Anaerobic Media tubes 


I- 

30-37°C* (Up to 10 days) 



55°C (Up to 4 days) 


If + growth . - 

microscopic exam 


Rods with spores 
Indicates possible 
inadequate thermal 
process. If spores 
are Clostridia , 
check culture for 
botulinum toxin 


mixed flora of 
cocci, yeasts, mold 
indicates possible 
postprocess 
contamination 


Rods no spores 
Try other 

anaerobic media, if 
no spores, indicates 
possible 
postprocess 
contamination 


If positive growth, microscopic exam 

a 



If long thin rods 
that stain poorly, 
probable 
thermophilic 
anaerobes indicates 
insufficient cooling, 
high temperature 
storage, or that 
thermal process 
above 118° (245°F) 
should be used on 
this product Not 
an indication of 
insufficient thermal 
process. 


If shorter rods are 
present these 
could be facultative 
Bacillus spp or if 
product is dark 
could indicate 
sulphide spoilage 
sporeformer. Either 
could indicate 
insufficient cooling 
or high 
temperature 
storage. Not an 
indication of 
insufficient thermal 
process 


Also heat spores 10 
min at 100°C in 
anaerobic media 
tubes (14 days at 
35°C) I 


Save spores for 
thermal death time 
work 


(Thermophilic anaerobic spores are only rarely seen or found in 
microscopic examination of product on first subculture; therefore, 
no heating is suggested, but optionally can be used at this point 
followed by anaerobic media subculture at 55°C). 


(* Conditions for microbial growth are optimal at 30-35°C. However, incubation 
temperatures of 36° or 37°C maybe used, depending upon regional environmental 
conditions.) 


Figure 3. Flow diagram for the anaerobic cultural examination of low-acid canned 
foods for spoilage and diagnosis of results. 



Appendix 1A 

An Example of 

A Product Identification and History Inquiry Form 

Date :. Enquiry No. . 


Compiled by . 

1 REASONS FOR INVESTIGATION 

1.1 Spoilage 

1. How detected (consumer complaint, warehouse inspection, incubation 
study etc.) 

2. Date when problem first became known 

3. Nature of problem 

4. Extent of the problem (incidence of affected and non-affected containers) 

5. Number of burst, swollen or leaking containers observed 

1.2 Illness 

(A more complete list of essential information for the investigation of 
foodborne illness can be found in the Procedures to Investigate Foodborne 
Illness, 4th ed., 1986, International Milk, Food and Environmental 
Sanitarians Inc., P.O. 701, Ames, Iowa, 50010. The Third edition, published 
in 1976, is available in French and Spanish.) 

1. Number of persons affected 

2. Symptoms 

3. Time of last meal or snack 

4. Time elapsed before onset of symptoms 

5. What other foods and beverages were also ingested for up to 4 days 
before onset of symptoms? 

6. Number of containers of canned food involved 

7. Identity of product, including codes 

8. Complainant product and/or container available for analysis 

9. Were other samples of product having same code taken? 

10. How and where were samples sent for analysis? 

2 PRODUCT DESCRIPTION AND IDENTIFICATION 

1. Product name and type 

2. Container type and size 

3. Identification of code lot(s) involved 
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Appendix 1A 

An Example of 

A Product Identification and History Inquiry Form 

Date :. Enquiry No. . 


Compiled by . 

1 REASONS FOR INVESTIGATION 

1.1 Spoilage 

1. How detected (consumer complaint, warehouse inspection, incubation 
study etc.) 

2. Date when problem first became known 

3. Nature of problem 

4. Extent of the problem (incidence of affected and non-affected containers) 

5. Number of burst, swollen or leaking containers observed 

1.2 Illness 

(A more complete list of essential information for the investigation of 
foodborne illness can be found in the Procedures to Investigate Foodborne 
Illness, 4th ed., 1986, International Milk, Food and Environmental 
Sanitarians Inc., P.O. 701, Ames, Iowa, 50010. The Third edition, published 
in 1976, is available in French and Spanish.) 

1. Number of persons affected 

2. Symptoms 

3. Time of last meal or snack 

4. Time elapsed before onset of symptoms 

5. What other foods and beverages were also ingested for up to 4 days 
before onset of symptoms? 

6. Number of containers of canned food involved 

7. Identity of product, including codes 

8. Complainant product and/or container available for analysis 

9. Were other samples of product having same code taken? 

10. How and where were samples sent for analysis? 

2. PRODUCT DESCRIPTION AND IDENTIFICATION 

1. Product name and type 

2. Container type and size 

3. Identification of code lot(s) involved 


683 






FOOD CANNING TECHNOLOGY 


4. Date of thermal processing 

5. Processing establishment 

6. Supplier/importer - if imported, date of entry into country 

7. Size(s) of implicated lot(s) 

8. Location of lot(s) 

3. PRODUCT HISTORY RELATING TO SUSPECT CODE LOT(S) 

1. Product composition 

2. Container supplier and specifications 

3. Production data (scheduled process) and records 

a. Product preparation 

b. Filling 

c. Sealing 

4. Equipment used in thermal processing 

a. Thermal processing 

b. Cooling 

c. Additional quality control and assurance records 

5. Storage and transportation 

6. Current status of lot(s) under examination - if product not under direct 
control, describe area of distribution 

4. SAMPLE DESCRIPTION AND HISTORY 

1. Where, when and how was sample obtained 

2. Sample size - number of containers 

3. Total number of containers at the sample site 

4. Number of containers having defects in the sample 

5. List defects for each container 

6. Describe conditions of storage and transportation 

7. Sample identification (laboratory number assigned) 

* This form is only intended to be an example and may require modification 
for a specific investigation. For instance, the data to be collected and 
Section 1.2 (illness) should be expanded if food poisoning is suspected. 
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PROCEDURES FOR MICROBIOLOGICAL ANALYSIS OF THE 

ANALYTICAL SAMPLE 


A. Mesophiles 

1. Media and Incubation Conditions 


Low-Acid Foods (pH > 4.6) 


Acidified Low-Add Foods (pH 5 4.6) 


1. Incubation 

Conditions 


Aerobic 

Anaerobic 

Aerobic 


2. Media (2) 

Liquid 

Solid 

Liquid 

Solid 

Liquid 

Solid 


DTB 

PCA 

PE2 

LVA 

OSB 

PDA 


PE2 

DTA 

CMM 

PIA 

TJB 

TJA 



NAMn 

LB 

RCA 

APTB 

SDA 




RCM 

BA 

APT 


3. Quantity of 

15 ml/ 

15 ml/ 

15 ml/ 

15 ml/ 

15 ml/ 

15 m|/ 

medium 

tube 

tube 

tube 

tube 

tube 

tube 






for APTB 







200 ml/flask 


4. Replication 

= > 2 

N 

A 

II 

= > 2 

= > 2 

= > 2 

= > 2 


tubes 

plates 

tubes 

plates 

lubes 

plates 






for APTB 







= > 3/flask 


5. Incubation 

30°C 

30°C 

30°C 

30°C 

30°C (l) 

30°C (l) 

Temperature (3) 







6. Incubation 

to 14 

to 5 

to 14 

to 5 

to 14 

to 5 -10 

Time (4) 

days 

days 

days 

days 

days 

days 


Use al least one medium For each series of solid and liquid media Incubated aerobically and anaerobically. 
(1> Lower temperatures (Le., 20°C or 2S°C may be appropriate In some Instances); For example, For yeasts. 
(2) Abbreviations nsed For media 


PCA • Plate count agar 


OSB - Orange sernm broth 


DTA - Dextrose Iryptone agar 


CMM ■ Cooked meat medium 


LB - Liver broth 


APTB - Add products test broth 
APT • All purpose tween 


RCM - Reinforced clostridial medium PDA - Potato dextrose agar 


LVA - Liver veal agar 
PIA - Pork infusion agar 


SDA - Sabonrad dextrose agar 
TJB - Tomato Juice broth 


NAMa - Nutrient agar plus manganese 
DTB - Dextrose tryptone broth 
RCA • Reinforced clostridial agar 
BA - Blood agar 
TJA - Tomato Juice agar 


PE2 - Peptone, yeast extract medium, 

Polinazzo (1954) 

(3) A temperature of 35° or 37°C may be nsed la addition or when ambient (room) temperature Is near to or greater than 30°C 
or when specific organisms of concern have higher optimal growth temperatures. 

,4) Examine tubes and plates periodically (e.g., at least every 2 days). Incubation Is terminated when positive growth Is 
observed. 
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2. Verification of Suspect Positive Tubes 

All suspect positive tubes should be examined as follows: 

1. Carry out direct microscopic examination of suitably prepared and stained 
smears. 

2. Inoculate at least duplicate plates or slants, and incubate aerobically and 
anaerobically for up to 5 days. For suitable media see the preceding. 

(Note: If only one tube of each series of tubes inoculated is positive, 
then it is recommended that the above procedure be repeated using 
analytical units drawn from the reference sample. Further information with 
respect to interpretation of single tube results is discussed in the section on 
interpretation). 

3. Identification of isolates 

Facultative thermophiles can grow in cultures at 30°-37°C and hence be 
mistaken for mesophiles. Positive isolates from cultures grown at these 
temperatures must always be confirmed as true mesophiles by demonstrating 
that they will not grow at thermophilic temperatures, 55°C. 

To assist in identifying the cause of spoilage it is useful to identify 
isolates. For this purpose standard microbiological procedures should be 
used (See Speck, (1984); ICMSF, (1980); US FDA BAM, (1984)). 

B. Thermophiles 

If circumstances suggest thermophilic spoilage (e.g., history of problem, 
lowered pH of product, no growth occurring below 37°C) (product liquified 
or not obviously spoiled), culturing at 55°C on the following media is 
suggested. 

Incubate for up to 10 days. 

Thermophilic aerobes (flat sour) — dextrose tryptone broth. 

B. coagulans (thermoacidurans) — proteose peptone acid medium at pH 
5.0 (may grow at 37°C). 

Anaerobes not producing H 2 S — com liver medium . 

C. thermosaccharolyticum — liver broth . 

Anaerobes producing H 2 S — sulfite agar + reduced iron or iron citrate 
(Hersom and Holland, 1980) 

C. Acid tolerant 

It is preferable that all media used should be buffered to a pH value 
between 4.2 and 4.5. 
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1. Liquid 

(a) Acid broth (AB) — (see USFDA BAM, 1984) 

(b) MRS broth (de Man, Rogosa, and Sharp, 1960) 

2. Incubation 

30°C for up to 14 days. 



Table 2. Interpretation of Laboratory Data Concerning Low-Acid Canned Food 
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Taable 2. Interpretation of Laboratory Data Concerning Low-Acid Canned Food 
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Appendix 2 

GUIDELINES FOR THE SALVAGE OF CANNED FOODS 

EXPOSED TO ADVERSE CONDITIONS 

Explanatory Preface 

The purpose of this document is to provide guidelines for the salvage of 
canned foods manufactured in compliance with the International Code of 
Hygienic Practice for Low-Acid and Acidified Low-Acid Canned Foods 
[CAC/RCP 23-1979 (Rev. 1989)] which are suspected of having become 
contaminated or otherwise rendered unsuitable for human consumption as 
a result of being subjected to adverse conditions (e.g., flood, fire or other 
accidents, during their storage, transportation, and/or distribution). The 
guidelines are designed to permit the salvage of canned food unaffected by 
such conditions and thus reduce the loss of wholesome food whilst 
preventing the sale or distribution of canned foods which may have been 
rendered unfit for human consumption. 

The salvage operations should only be carried out by trained personnel 
under the direct supervision of person(s) having expert knowledge of canning 
and container technology. 

The Hazard Analysis Critical Control Point (HACCP) concept should 
be applied when salvaging canned foods and should include: 

1. An assessment of the hazards associated with the adverse conditions that 
led to the food being suspect and the various salvage operations to which 
it may be subjected. 

2. Identification of the critical control points for the salvage operations and 
the type or frequency of the control measures deemed necessary. 

3. Guidance for the monitoring of the critical control points including 
maintenance of adequate records. 

1. Scope 

These guidelines concern the salvage of lots of canned foods that are 
suspected of having been contaminated as a result of exposure to adverse 
conditions (e.g., fire, flood, freezing, or other accident) during storage, 
transportation, and distribution. It is not intended to cover canned foods 
that are suspect as a result of errors or omissions on the part of the 
processor (i.e., canner); however, it may be applied to product subjected to 
adverse conditions while under the direct control of the processor (i.e., 
canner). A flow chart that shows the sequence of events in the salvage of 
canned foods that are exposed to adverse conditions is shown in Figure 1. 
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2.1 Adverse conditions are those conditions that may result in physical 
damage to and/or contamination of a container or its contents that render 
the food unsuitable for human consumption. 

2.2 Canned food means commercially sterile food in hermetically sealed 
containers. 

2.3 Cleaning means the removal of soil, food residues, dirt, grease, or other 
objectionable matter from the external surface of the container and for the 
purposes of this code may be extended to the removal of rust and other 
products of corrosion. 

2.4 Code lot means all product produced during a period of time identified 
by a specific container code mark. 

2.5 Commercial sterility of a thermally processed food means the condition 
achieved by application of heat, sufficient, alone, or in combination with 
other appropriate treatments, to render the food free from microorganisms 
capable of growing in the food under normal nonrefrigerated conditions at 
which the food is likely to be held during distribution and storage. 

2.6 Contamination means the presence of any objectionable material on the 
surface of a container or in a food. 

2.7 Disinfection of a container means the reduction, without adversely 
affecting the container or its contents, of the number of microorganisms on 
the container surface to a level that will not lead to harmful contamination 
of the food. 

2.8 Disposal means an action (e.g., incineration, burial, conversion to 
animal feed, etc.) that will prevent a contaminated product from being sold 
or distributed for human consumption. 

2.9 Hermetically sealed container means containers that are designed and 
intended to protect the contents against the entry of microorganisms during 
and after processing. 

2.10 Potable water means water fit for human consumption. Standards of 
potability should be no less strict than those contained in the latest edition 
of the International Standards for Drinking Water , World Health 
Organization. 

2.11 Recanning means the transfer and sealing of a product into a new 
hermetically sealable container followed by a scheduled process. 
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ON SITE 



KECOND1TIONABLK (4J.2) 


p!ai 


evaluate for 

CONTAMINATION (4J) 


EVALUATE FOR 
CONTAMINATION (4.3) 


I I 

NO EVIDENCE EVIDENCE 


win 


NO EVIDENCE EVIDENCE 


RECONDITION (4.6) 


DISPOSAL 


DISPOSAL 


RECAN” REPROCESS (4.6) RF.CAN** 


RECONDr(lON (4A) 


REPROCESS (4.6) 


fcX’ONDITI 


NOT RECONDITIONABLF. (4.5.1) 


EVALUATE FOR 
CONTAMINATION (4.3) 


DISPOSAI 


r i 

NO EVIDENCE F.VIDENCF. 


RE^AN** 


DISTRIBUTION AND SALES (4.7 & 6) F 


DISPOSAL* 


(The solid line indicate the usual courses of action. The broken lines indicate alternate actions which 
may be undertaken under special circumstances and should always be carried out under the direct 
supervision of persons(s) knowledgeable and experienced in the particular aspects of salvage as well 
as the methods of sampling and evaluating the possibility of contamination). 

Notify the agency having jurisdiction and product owner of removal from site and plan for 
disposal. 

** Cleaning and/or disinfection of the containers prior to opening may be necessary. 

Figure 1 . Flow chart showing the sequence of events in the salvage of canned foods 
exposed to adverse conditions (details provided in text of the main document). 
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2.12 Reconditioning means the cleaning of sound containers and may 
include disinfection. 

2.13 Reprocessing means the treatment of a canned food in its original 
container recovered in a salvage operation followed by a scheduled process. 

2.14 Salvage means any appropriate process or procedure by which food is 
recovered from a suspect lot of canned food and by which its safety and 
fitness for consumption is ensured. 

2.15 Salvor means the person responsible for carrying out the salvage 
operations including any or all of the on-site operations. 

2.16 Scheduled process means the thermal process chosen by the processor 
for a given product and container size to achieve at least commercial 
sterility. 

2.17 Suspect Lot of Canned Food means a group of containers that is 
suspected of being contaminated as a result of exposure to adverse 
conditions and may include a part of, the whole of, or a number of code 
lots. 

3. On-Site Operations 

3.1 Assessment of Adverse Conditions 

The nature and circumstances of the adverse conditions that gave rise to the 
canned foods being suspect should be assessed and recorded. Special 
attention should be given to the cause and likely consequences in terms of 
contamination of the container and/or its contents. 

3.2 Notification 

The salvor should, as soon as possible, supply the appropriate agency that 
has jurisdiction with the results of the assessment of the adverse conditions 
as well as the types and quantities of food products involved. 

3.3 Product Inventory and Identification of Product Location 

Whenever possible prior to removal of any containers of canned food 
(including the taking of samples, product segregation, disposal, etc.), a 
complete inventory of all product involved should be made. The inventory 
should record the location of all product exposed to the adverse conditions, 
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the quantity of each product type identifying by trade name, container type, 
and size, can and/or carton codes, and so on. Before commencing with any 
salvage operations, the salvor should notify the owner or legal agency of all 
affected product and provide an inventory of the affected product to the 
appropriate agency that has jurisdiction. 

3.4 Feasibility of Salvage 

All canned foods subjected to the adverse conditions should be assessed as 
to whether any salvage is feasible. If salvage operations are not feasible, 
then all product should be disposed of as soon as possible in a manner 
described in Section 4.2. 

3.5 Preliminary Sorting 

When salvage is feasible, the product should, whenever possible, be 
segregated into the following categories: potentially salvageable, not 
salvageable, and unaffected product. This is a general sorting, that is, by 
cartons, cases, pallets, and so on, and not by individual containers. Sorting 
by individual containers is dealt with in Section 4.1. A complete inventory 
of the not salvageable product should be recorded and the product disposed 
of in a manner described in Section 4.2. Product not subjected to the 
adverse conditions and hence unaffected should be separated from that 
which was involved and can be released for distribution and sale. Such 
unaffected product would not be subject to the coding requirement of 
Section 4.7. 

3.6 Removal from Site and Storage 

In situations when adverse conditions may continue to prevail, all product 
should be removed from the site as soon as possible. 

The official agency that has jurisdiction and the owner of the product 
should be informed as soon as possible by the salvor of the movement of a 
suspect lot of canned food. 

All product involved in the salvage operation should be stored under 
conditions that protect against their unauthorized removal. Potentially 
salvageable product should also be stored under conditions that minimize 
damage, deterioration, and contamination, and prevent mixing with other 
products. 

A complete record of any product removed from the site in which the 
quantities, manner of removal, and place of subsequent storage are detailed 
should be made and retained. 
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4. Treatment of Potentially Salvageable Canned Foods 

4.1 Evaluation and Sorting 

Each container of canned food deemed as that potentially salvageable from 
the preliminary sorting (Section 3.5) should be thoroughly inspected. 
Containers that show visible evidence that their integrity has been lost and/or 
the contents have become contaminated should be set aside as not 
salvageable and disposed of in the manner given in Section 4.2. 

The remaining salvageable canned food should be segregated by visual 
inspection, into the following categories: (1) visually unaffected (appearing 
normal) containers that do not require reconditioning (Section 4.4), and (2) 
those that require reconditioning (Section 4.5). Where possible, labels 
should be removed to permit visual inspection of the entire container 
surface. The containers that require reconditioning should be further 
segregated into two groups: those that can be reconditioned (Section 4.5.2) 
and those that are not reconditionable (Section 4.5.1). The nature and 
extent of the adverse conditions will dictate which categories may be present 
in the suspect lot(s). 

The inspection, sorting, sampling and evaluation should be conducted by 
persons trained and experienced in carrying out such procedures. 

An inventory of the product in each of the above categories should be 
recorded. Records of the inventory, inspection, sorting, sampling, and 
subsequent evaluation shall be made and kept for a period acceptable to the 
agency having jurisdiction. 

4.2 Product That Is Not Salvageable 

Canned food that is not salvageable should be carefully disposed of under 
adequate supervision of the agency having jurisdiction to assure the 
protection of the public health. Records should be kept that detail the 
manner and location of disposal and be maintained for a period acceptable 
to the agency having jurisdiction. 

4.3 Evaluation for Contamination 

Whenever loss of container integrity and/or contamination of the contents 
in salvageable canned foods is suspected, not visually indicated, samples of 
a size in keeping with the degree of safety required should be tested and 
evaluated. Microbiological evaluation of the contents should be carried out 
according to the procedures outlined in Guideline procedures to establish 
microbiological causes of spoilage in canned foods , or Official methods of 
analysis of the association of analytical chemists , 14th ed., Sections 46.063 - 
46.070. 
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4.4 Visually Unaffected Containers That Do Not Require Reconditioning 

It should not be assumed that the contents of containers that appear normal 
(i.e., visually unaffected, and do not require reconditioning) are free of 
contamination. Unless there is evidence that the containers and/or their 
contents are free of contamination, such containers and their contents should 
be evaluated in accordance with Section 4.3. Where the results of such an 
evaluation indicate that there is virtually no possibility of the contents’ being 
contaminated, the remaining normal-appearing containers can be released 
for distribution and sale. Where the results indicate that the product may 
be contaminated, the product should be classed as unsalvageable and 
disposed of as detailed in Section 4.2. In some instances potentially 
contaminated product may be salvaged by reprocessing (see Section 4.6). 

4.5 Containers That Require Reconditioning 
4.5.1 Containers That Are Not Reconditionable 

Some containers by virtue of their type or condition are not capable of being 
reconditioned without adversely affecting their contents. The following lists 
some examples of containers that are not reconditionable: 

• containers with any indication of swelling, with the exception of 
intentionally pressurized containers and some containers that by virtue of 
their shape, size, or type of contents are prone to overfilling and appear 
slightly swollen. 

• glass jars with any indication of a raised lid, or raised button, or that 
show evidence of loosening of the closures. 

• containers with visible evidence of leakage. 

• containers with punctures, holes, or fractures (these conditions may be 
indicated by the accumulation of product on or around the puncture, 
hole or fracture in a can, under the lip of a glass jar, in the seal or on the 
body of a flexible pouch). 

• pull-top containers with fractures or dents on the score lines or in the 
rivet area. 

• corroded containers with severe pitting such that any cleaning and 
disinfection may result in perforation. 

• rigid containers crushed to the point where they cannot be stacked 
normally on shelves or opened with wheel-type can openers. 

• cans severely dented at or in the immediate vicinity of either an end or 
side seam. 

• cuts or fractures through at least one layer of metal on the double seam 
of cans. 

• containers with gross seam or seal defects. 
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Containers that are not reconditionable should be disposed of according 
to Section 4.2. Under certain circumstances further salvage operations may 
be undertaken to recover product in such containers. However, before any 
further action is taken, the contents should be evaluated for the possibility 
of contamination as stated in Section 4.3. If test results indicate that the 
contents may be contaminated, then the containers should be classed as not 
salvageable and disposed of in accordance with Section 4.2. Where the test 
results indicate that the contents are not contaminated, the product may be 
recanned in accordance with Section 4.6. Since these containers do require 
reconditioning, special care should be taken to avoid contamination of the 
product during the process of recanning. 

In some cases (e.g., containers with external pitted corrosion only), the 
product may be expedited for immediate consumption as long as the 
contents have been shown to be free of contamination. 

4.5.2 Reconditionable Containers 

Prior to reconditioning, the contents of this group of containers should be 
evaluated for the possibility of contamination in accordance with Section 4.3. 
When the test results indicate that the contents may be contaminated, then 
the containers should be disposed of in accordance with Section 4.2. 
However, depending upon the nature and extent of the contamination, the 
containers may be reconditioned followed by reprocessing (Section 4.6) and 
as long as that reprocessing will produce a product safe and suitable for 
human consumption. 

All salvageable and reconditionable containers of food that have been 
in contact with unpotable water or other deleterious substances as the result 
of flood, sewer backup, or similar mishaps should be reconditioned by 
methods approved by the agency having jurisdiction. (Guidance for cleaning 
and disinfection is found in the General Principles of Food Hygiene, Appendix 
1 CAC/Vol. A-Ed. 1-1979.) Surface corrosion should be removed from 
reconditionable containers by cleaning. The containers should then be 
treated and stored in a manner to minimize further deterioration. 

(Note: Certain types of containers which have been in contact with 

not potable water , foam , or other deleterious substances as a 
result of fire fighting efforts, flood, sewer backups, or similar 
mishaps present special problems in reconditioning and require 
expert evaluation.) 

In those instances where salvage is confined to separation of normal¬ 
appearing from mechanically damaged containers and where there is no 
possibility of contamination of the contents, the normal-appearing containers 
should, if necessary, be reconditioned and then upon approval of the agency 
having jurisdiction be released for distribution and sale. 
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Where there is a possibility of contamination of the contents of normal¬ 
appearing containers, appropriate testing in accordance with Section 4.3 
should be carried out on both normal-appearing and rejected containers. 
The sampling, analyses, and evaluations should be carried out by persons 
trained and experienced in carrying out such procedures with canned foods. 

In some circumstances recanning of the contents of the normal¬ 
appearing containers may be necessary. In other circumstances reprocessing 
of the containers may be sufficient. 

4.6 Recanning or Reprocessing 

Recanning or reprocessing should be carried out in compliance with the 
International Code of Hygienic Practice for Low-Acid and Acidified Low-Acid 
Canned Foods , CAC/RCP 23-1979 (Rev. 1989). The prior history of the 
product should be considered in the development of an appropriate 
scheduled process for recanning or reprocessing. For instance, the heating 
characteristics of the product may be changed as a result of the heat process 
originally applied. 

4.7 Coding 

Before a salvaged canned food is released for sale or distribution in its 
original container, each container shall be permanently marked with a 
legible, visible, and specific code to permit its subsequent identification as 
a salvaged product. 

5. Quality Assurance 

It is important that all salvage operations be properly established, correctly 
applied, sufficiently supervised, monitored, and documented. 

Section 8 of the International Code of Hygienic Practice for Low-Acid and 
Acidified Low-Acid Canned Foods , CAC/RCP 23-1979 (Rev. 1989) is 
applicable with the following substitution for Section 8.2.4. 

Records should be kept identifying each lot of salvaged canned foods as 
well as the conditions under which the original food became suspect and the 
means by which it was salvaged. 

6. Storage and Transport of Salvaged Product 

As given in the International Code of Hygienic Practice for Low-Acid and 
Acidified Low-Acid Canned foods , CAC/RCP 23-1979 (Rev. 1989) with the 
following addition: 

Where such foods are released for export, the agency that has jurisdiction 
in the importing country should be notified that the product has been 
salvaged. 
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7. Laboratory Control Procedures 

As given in the International Code of Hygienic Practice for Low-Acid and 
Acidified Low-Acid Canned Foods, CAC/RCP 23-1979 (Rev. 1989). 

8. End Product Specifications 

As stated in the International Code of Hygienic Practice for Low-Acid and 
Acidified Low-Acid Canned Foods, CAC/RCP 23-1979 (Rev. 1989). 




